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ABSTRACT 


New information allowing for better understanding of fossil material 
and phylogenetic relationships of the order Caudata was obtained by 
comparative anatomical studies, primarily of the vertebral column and 
trunk musculature. Characters for phylogenetic investigation are 
suggested to be part of an adapted functional complex, to be present in 
higher and lower taxa (for ex-group and in-group comparisons), and to 
be preservable in fossil specimens. The evolutionary approach is used 
as the most reasonable basis for biological classification, cladistics 
and phenetics being rejected as philosophies for this study. 

Functional inferences from the new data concern the development 
of opisthocoely and the presence of elongate rib-bearers in the axial 
myosepta. Intra- and interfamilial relationships are analyzed and 
phylogenetic hypotheses proposed. Two suborders are named and defined: 
the primitive Archaeocaudata, including the Cryptobranchoidea (Hynobiidae 
and Ambystomatidae), and the Prosirenidae as Archaeocaudata tncertae 
sedis; and the more derived Neocaudata, including the Proteoidea 
(Batrachosauroididae and Proteidae) , Plethodontoidea (Plethodontidae) , 


and Salamandroidea (Sirenidae and Salamandridae). 
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Figure 
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Vertebrae of selected species of salamanders, showing 
features and terminology discussed in the text: 

(A) Neecturus maculosus, dorsal view; (B) Desmognathus 
fuseus, lateral view; (C) Amphtwna tridactyltun, ventral 
view; (F) Amphtumna tridactyliun, posterior view. 


Abbreviations explained on pp. 4-7. 


Midtrunk vertebrae of hynobiid salamanders in dorsal, 
ventral, and lateral views: (A) Pachypalaminus 
boulengeri , T8; (B) Onychodactylus japonteus, T9; 


scale represents one millimeter. 


Midtrunk vertebrae of cryptobranchoid salamanders 
in dorsal, ventral, and lateral views: (A) Hynobtus 
naevtus, T8; (B) Crvptobranchus alleganiensis, T9; 


scale represents one millimeter. 


Midtrunk vertebra of Amphtuma tridactyltum in dorsal, 
ventral, and lateral views; scale represents one 


millimeter. 


Trunk vertebra of Ambystoma tihent (SMNH 1431) in dorsal, 
ventral, and lateral views; from the Oligocene of 


southern Saskatchewan; scale represents one millimeter. 


XV 


Page 


649 


65] 


653 


655 


EM es i. ve l 
i : Baa 
i) ‘ + | ; r 
va ba : f io” ¥ ty 
ere (reeboaaote: oa ogee 
s eve a 7, a! ‘, 
sat mehr ayh ee Be as 
Nok cha etait} (i> s htd. rosea y [aa 
Piety |. fry See Sin neers pat : (ay tyes 5 
NS.EN yLVe SECU ; ee y ses 
ad 2 PT TR) AS 


LP LOU: iT: og Se. ae Pictsee ‘ra, ah ivess ay ; 


a ty f WS 25 MIB bie 


<i 


a 
; 
rm 
fe, 
any 
be 4) 
whe 


£321) , cr Cnelypy ae priest gto RD) aaa 


enenyy 1 tery ano? ‘igi al 


oy 
—* 
oe 
+ 


ntinatoe elseiteotge Yd) Shiradtevese 


‘eet (43 “ae BV, pe ot fily das? ae 
ae aA bh Piring 3 

ON, , wand oe. s nate ays ier ‘' er ZB) 

: r *% y is 


yee 1 
ae 


euP ; ae! 


ie 


stein pir ix ‘- 
i y i ai 
; oT i A Gn i. ae fe. “ ak (sab 6 on Se 
¥ a) i all Sool: r \, . oak iene ‘eo 


oe i 7, , Se 
bibs AEE AS cisapilicis 0.3 “bi Tey 
1 ae f a sole 1%) Stig! He) be ap w Bk ‘a 
Cee er a | i“ Pasi: 


whe ke 
‘ 
; 


ve ey, 


oy ry fa ie mY ees ir Pe Pr ie Awe 

dud Coa, wag tei edd Sok te ee 
th i my ( i : ohh a : me r din 
sa 


‘peaeytio di wet petite BiSrAn f 


na nc os no nS . aie : 
ena aie reac? — Sreeatt reap 
ah ; rie. nae wy 7 il CR: Peta) ih) 
x ' - a i any ay ss a fe an iy it j Pal) a) 


Figure 


10, 


dite 


Midtrunk vertebrae of ambystomatid salamanders in 


dorsal, ventral, and lateral views: (A) Ambystoma 


maculatum, T8; (B) Ambystoma jeffersonitanum, T8; 


scale represents one millimeter. 


Midtrunk vertebrae of ambystomatid salamanders in 


dorsal, ventral, and lateral views: (A) Ambystoma 


gracile, T8; (B) Ambystoma talpotdeum, T8; scale 


represents one millimeter, 


Atlas of young, postmetamorphic Ambystoma ttgrinum 


ine encerior, poscerior dorsal , ventral, and *lateral 


views;*scale represents one millimeter. 


Midtrunk vertebrae of Ambystoma tigrinum in dorsal, 


ventral, and lateral views: 


Ambystoma ttgrinum diabolt, T8; (B) small metamorphosed 


(A) large metamorphosed 


Ambystoma tigrinum melanostiectum, T8; (C) neotenic 


individual of. the same subspecies, T8; scale represents 


one millimeter. 


Atlas of Necturus maculosus 


dorsal, ventral, and lateral views; scale represents 


two millimeters. 


ventral, and lateral views; 


millimeters, 


insanterior . poscerion, 


Atlas of Stren ltacertina in anterior, posterior, dorsal 
> B ) 


Scale represents. two 
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12. Midtrunk vertebrae in dorsal, ventral, and lateral 
views: (A) Necturus maculosus; (B) Stren lacertina; 


scalesrepresents tonewnid limeter. 671 


13. Trunk vertebrae of Weeturus in dorsal, ventral, and 
lateral views: (A) UA 14310; (B) UA 14311; both from 
the Paleocene Ravesncrag Formation, Saskatchewan; 


scale represents one millimeter. 673 


14, Midtrunk vertebrae of plethodontid salamanders in 
dorsal, ventral, and lateral views: (A) Plethodon 
jordant; (B) Anetdes lugubris, T8; scale represents 


one millimeter. 675 


15. Atlas of Desmognathus fuscus in anterior, posterior, 
dorsal, ventral, and lateral views; scale represents 


two millimeters. O17 


16. Midtrunk vertebrae of plethodontid salamanders in 
dorsal, ventral, and lateral views: (A) Pseudotrtton 


ruber, T8; (B) Desmognathus fuscus; scale represents 


one millimeter. 679 
17. Atlas of Salamandra salamandra in anterior, posterior, 
dorsal, ventral, and lateral views; scale represents 
681 


_ two millimeters. 
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Figure Page 
18, Midtrunk vertebrae of salamandrid salamanders in 
dorsal, ventral, and lateral views: (A) Salanamdra 


salamandra; (B) Pleurodeles waltit, T8; scale 


represents one millimeter. 683 


19. Midtrunk vertebrae of North American salamandrids 
in dorsal, ventral, and lateral views: (A) Yaricha 
species, T7; (B) Notophthalmus viridescens, T7; 


Scale represents». one. millimeter. 685 


20. Atlas of Triturus alpestris in anterior, posterior, 
dorsal, ventral, and lateral views; scale represents 


one millimeter. 687 


21. Midtrunk vertebrae of salamandrid salamanders in 
dorsal, ventral, and lateral views: (A) Tyrtturus 
ertstatus, T8; (B) Trtturus vulgaris, T8; scale 


represents,one, millameter. 689 


22. Dissection of Hynobtus retardatus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 691 


23. Dissection of Hynobtus naevius with lateral abdominal 
musculature spread laterally: (A) dorsal view; 
(B) ventral view; scale represents two millimeters; 


abbreviations given on pp. 4-7. 693 
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Figure 


24, 


aye 


26, 


Zi 


Zon 


Dissection of Pachypalamninus boulengert with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Dissection of Onychodactylus japonicus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Cross-sections through the trunk musculature of 
hynobiid and ambystomatid salamanders: (A) Hynobtus; 
(B) Onychodaectylus; (C) Ambystoma jeffersontanum; 

(D) Ambystoma talpotdeum; abbreviations given on 


pp. 4-7. 


Dissection of Cryptobranchus allegantensis with 
lateral abdominal musculature spread laterally: 
(A) dorsal view; (B) ventral view, lateral abdominal 
musculature not shown complete; scale represents two 


millimeters; abbreviations given on pp. 4-7. 


Dissection of the axial musculature of Amphtuma 

tridactylium with the lateral abdominal musculature 
removed: (A) lateral view; (B) dorsal view; scale 
represents two millimeters; abbreviations given on 


pp. 4-7, 
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Figure Page 


29, Dissection of the epaxial musculature of Amphtuma 
tridactylitum in dorsal views: (A) superficial unit; 
(B) deeper units, labelling following Auffenberg 
(1959); scale represents two millimeters; abbrevia- 


tions given on pp. 4-7. 705 


30. Dissection of the subvertebralts of Amphtuma 
tri dactylitum in ventral view; abbreviations given on 


pp. 4-7. 707 


31. Lateral abdominal musculature of Amphituma tridactyltum 
in lateral view; scale represents two millimeters; 


abbreviations given on pp. 4-7. 709 


32. Cross-section through the trunk musculature of Amphtuma 
tridactylium; scale represents two millimeters; 


abbreviations given on pp. 4-7. uel 


33. Dissection of larval Dicamtodon ensatus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 713 


34. Dissection of metamorphosed adult Dtcanmptodon ensatus 
with lateral abdominal musculature spread laterally; 
(A) dorsal view; (B) ventral view; scale represents 


two millimeters; abbreviations given on pp. 4-7. fas 
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56. 


58. 


a0 


Dissection of Rhyacotriton olymptcus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Dissection of Ambystoma macrodactylum with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Partial dissection of the trunk musculature of a 
larval Ambystoma gracile in lateral view; scale 
represents two millimeters; abbreviations given on 


pp. 4-7. 


Dissection of larval Ambystoma gractle with lateral 


abdominal musculature spread laterally: (A) dorsal 


view; lateral abdominal musculature not shown complete; 


(B) ventral view; scale represents two millimeters; 


abbreviations given on pp. 4-7. 


Dissection of Ambystoma maculatum with lateral abdominal 


musculature spread laterally: (A) dorsal view; 
(B) ventral view; scale represents two millimeters; 


abbreviations given on pp. 4-7. 
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40. Dissection of Ambystoma jeffersonianum with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents one milli- 


meter; abbreviations given on pp. 4-7. Poe 


41. Dissection of Ambystoma opacum with lateral abdominal 
musculature spread laterally: (A) dorsal view; 
(B) ventral view; scale represents two millimeters; 


abbreviations given on pp. 4-7. ES) 


42. Dissection of Ambystoma talpotdeum with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. Gol 


43. Dissection of larval Ambystoma tigrinum with lateral 
abdominal musculature not shown complete: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. tier) 


44, Dissection of young metamorphosed Ambystoma tigrinwmn 
with lateral abdominal musculature spread laterally: 
(A) dorsal view; (B) ventral view, lateral abdominal 
musculature not shown complete; scale represents two 


millimeters; abbreviations given on pp. 4-7. 739 
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Figure 


45. 


46, 


47. 


48. 


49, 


50. 


Ambystoma ttgrinum: (A) lateral view of four 
segments of the trunk musculature: (B) trunk 
vertebrae in lateral view, showing position of 
the hyperapophyseal muscle; scales represent two 


millimeters; abbreviations given on pp. 4-7. 


Dissection of Necturus maculosus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view, lateral abdominal musculature not shown 
complete; (B) ventral view; scale represents two 


millimeters; abbreviations given on pp. 4-7. 


Cross-sections through the trunk musculature of 
(A) Cryptobranchus allegantensts; (B) Necturus 


maculosus; abbreviations given on pp. 4-7. 


Partial dissection of the trunk musculature of 
Proteus anguinus in lateral view; scale represents 


two millimeters; abbreviations given on pp. 4-7. 


Dissection of Plethodon jordant with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Dissection of Plethodon glutinosus with lateral 


abdominal musculature spread laterally: (A) dorsal 
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Die 


SE 


54. 


Dos 


view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Dissection of Plethodon vehtculum with lateral 
abdominal musculature not shown complete: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Dissection of Plethodon neomextcanus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Dissection of young Ensatina eschscholtzit (snout-vent 
length ca. 30 mm) with lateral abdominal musculature 
spread laterally: (A) dorsal view; (B) ventral view; 
scale represents two millimeters; abbreviations given 


on pp. 4-7. 


Dissection of large adult Ensatina eschscholtzit with 
lateral abdominal musculature spread laterally: 
(A). dorsal view; (B) ventral view; scale represents 


two millimeters; abbreviations given on pp. 4-7. 


Dissection of Anetdes lugubris with lateral abdominal 
musculature spread laterally: (A) dorsal view; 
(B) ventral view; scale represents two millimeters; 


abbreviations given on pp. 4-7. 
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56. Dissection of Hemtdactyltum scutatun with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents one mi11li- 


meter; abbreviations given on pp. 4-7. 759 


57. Dissection of Batrachoseps attenuatus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 761 


58. Dissection of Bolitoglossa subpalmata with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 763 


59. Dissection of Pseudoeurycea cephaltca with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 765 


60. Dissection of Chtropterotriton chtroptera with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 767 


61. Dissection of Eurycea btslineata with lateral 


abdominal musculature spread laterally: (A) dorsal 
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Figure Page 


view; (B) ventral view; scale represents one milli- 


meter; abbreviations given on pp. 4-7. 769 


62. Dissection of Furycea quadridigttata with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents one milli- 


meter; abbreviations given on pp. 4-7. Tak 


63. Dissection of Typhlotrtton spelaeus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. TLS 


64. Dissection of Stereochtlus marginatus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. iis 


65. Dissection of Gyrtnophilus porphyrtticus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view, a small rectus lateralis is present but not 
figured; (B) ventral view; scale represents two 


millimeters; abbreviations given on pp. 4-7. 777 


66. Dissection of Pseudotriton ruber with lateral abdominal 
musculature spread laterally: (A) dorsal view, a small 


ill-defined rectus lateralis is present but not figured; 
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(B) ventral view; scale represents two millimeters; 


abbreviations given on pp. 4-7. 


Dissection of Desmognathus fuscus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Dissection of Leurognathus marmoratus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Dissection of Salamandra salamandra with lateral 
abdominal musculature spread laterally: (A) dorsal 
view, displacement of anterior flexures by the dorsal 
glands not shown; (B) ventral view; scale represents 


two millimeters; abbreviations given on pp. 4-7. 


Salamandra salamandra: camera lucida sketch of 
vertebrae from the midtrunk of a juvenile to show 
the position of the paired poison glands with respect 


to the colum. 


Dissection of Pleurodeles waltlt with lateral abdominal 


musculature spread laterally: (A) dorsal view; 
(B) ventral view; scale represents two millimeters; 


abbreviations given on pp. 4-7. 
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Dissection of Salamamdrina terdigttata with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Dissection of metamorphosed adult Notophthalmus 
virtdescens with lateral abdominal musculature spread 
laterally: (A) dorsal view; (B) ventral view; scale 


represents two millimeters; abbreviations given on 


pp. 4-7. 


Dissection of neotenic adult Notophthalmus viridescens 
with lateral abdominal musculature spread laterally: 
(A) dorsal view; (B) ventral view, arrows marking 
ventral edge of transversus; scale represents two 


millimeters; abbreviations given on pp. 4-7. 


Dissection of Taricha species with lateral abdominal 
musculature spread laterally: (A) dorsal view; 

(B) ventral view, arrows and dotted line marking edge 
of reetus abdominus, which is not reflected in the 
direction of the muscle fibers, but is evident in 
anatomical specimens; scale represents two millimeters; 


abbreviations given on pp. 4-7. 


“Dissection of Cynops pyrrhogaster with lateral 


abdominal musculature spread laterally: (A) dorsal 


SOV T 


Page 


791 


75 


199 


79%, 


rt A 
rs + 4 4 at a ee 
eBis 3 a a “ “ a a a! 
oe 
i poe 
mr 
a | = Geaenes = A 
2 ee eo hd oy Fae 
Df ¥ tog si bot: ete raya f 
2 Lk Re eS G ‘i 
2 po ae o> 
aerate , Ec : 
: NS) er ri a 
iA A < dal £52 
S “ec. 
& = - bed 
e F tet: 
ie 
=f = 
i ; i 
“ts é 5 ee ; 
’ : Fe OTR are ist L 


- in 7 s 
id vie { rise ' iw J 
} s 7 * rs 
. mii vim ows 
ys $ ‘ ae 
4 ¢ a, =. 
: ate San Abb SERB Sesner 
] y v C7 
—s : 7 "i 
Swe ene: elute slat aa : 
ey = 7 - eas ar ae rm) ae a mg ra 
rite jae ie? ated: ha oisit dnaadh 
at we ‘ ny ah, = a Ppt ” 
j es \ _ 


a8 


beuimoLas Bet: ‘ 


‘With, salons 


Figure 


Ties 


78. 


The 


80. 


81 


view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Dissection of Paramesotriton hongkongense with 
lateral abdominal musculature spread laterally: 
(A) dorsal view; (B) ventral view; scale represents 


two millimeters; abbreviations given on pp. 4-7. 


Dissection of Triturus cristatus with lateral abdominal 
musculature spread laterally: (A) dorsal view; 
(B) ventral view; scale represents two millimeters; 


abbreviations given on pp. 4-7. 


Dissection of a laterally flexed specimen of Trtturus 
marmoratus with lateral abdominal musculature spread 
laterally: (A) dorsal view; (B) ventral view; scale 
represents two millimeters; abbreviations given on 


pp. 4-7. 


Dissection of Triturus alpestris with lateral abdominal 
musculature spread laterally: (A) dorsal view; 
(B) ventral view; scale represents two millimeters; 


abbreviations given on pp. 4-7. 


Dissection of Trtturus vittatus with lateral abdominal 
musculature spread laterally: (A) dorsal view; 


(B) ventral view, arrow and dotted line showing 
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questionable division into reetus abdominus super- 
fitetalts and rectus abdominus profundus; scale 
represents two millimeters; abbreviations given on 


pp. 4-7. 


Dissection of Triturus vulgarts with lateral abdominal 
musculature spread laterally: (A) dorsal view; 
(B) ventral view; scale represents two millimeters; 


abbreviations given on pp. 4-7. 


Camera lucida sketches of the eee: portion of 
the trunk of Triturus vulgaris just posterior of the 
pectoral girdle: (A) lateral view, arrow points 
anteriorly; (B) dorsal view, arrow points anteriorly; 


abbreviations given on pp. 4-7. 


Dissection of Triturus helvettcus with lateral 
abdominal musculature spread laterally: (A) dorsal 
view; (B) ventral view; scale represents two milli- 


meters; abbreviations given on pp. 4-7. 


Dissection of Euproctus asper with lateral abdominal 
musculature largely omitted: (A) dorsal view; 
(B) ventral view; scale represents two millimeters; 


abbreviations given on pp. 4-7. 
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(A) lateral view of trunk of Euproctus asper, 
showing elongate ribs; scale represents two milli- 
meters; (B) vertebrae of Taritcha species for 


comparison; abbreviations given on pp. 4-7. 


Dissection of Stren lacertina: (A) dorsal view of 
deep muscle units of the dorsalts trmmcet; (B) ventral 
view, lateral abdominal musculature spread laterally; 
scale represents two millimeters; abbreviations 


given on pp. 4-7. 


Camera lucida sketch of partially dissected trunk of 
Stren tntermedia in lateral view, anterior to left; 
scale represents two millimeters; abbreviations 


given on pp. 4-7. 


Cross-section through the trunk musculature of large 
adult Stren lacertina drawn with camera lucida; 
scale represents two millimeters; abbreviations 


given on pp. 4-7. 


Genera of ambystomatids, plethodontids, and salamandrids 


forming a morphocline with respect to the subvertebralts; 


see text for discussion. 


Cladistic and evolutionary relationships of a series 
of hypothetical taxa, after Schaeffer, Hecht, and 


Eldredge (1972); see text for discussion. 
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Page 


A group of related taxa with the long rectangles 
indicating shared characters (primitive or derived) ; 


see text for discussion. 831 


Diagrammatic longitudinal sections across inter- 

central joints in salamanders, horizontal lines 
representing notochordal tissue: (A) fully amphicoelous, 
most primitive; (B) modified amphicoelous with 

infilling of the cotyles, as .in.scapherpetontids and 
amphiumids; (C) opisthocoelous, forming a strengthened 
joint; (D) opisthocoelous, forming a true ball-and- 


SOCKEL joint. S35 


Ventral views of midtrunk vertebrae showing different 
septal patterns of the subvertebralts: (A) Ambystoma 
jeffersontamum, basic anterior basapophyseal pattern; 
(B) Amphtuma tridactylium, modified anterior 
basapophyseal pattern; (C) Plethodon jordant, transi- 
tional between anterior and posterior basapophyseal 
patterns; (D) Plethodon glutinosus, basic posterior 
basapophyseal pattern; arrows show directions of pull 


on and between septa. 835 


Ventral views of midtrunk vertebrae showing septal 
patterns of the swbvertebralts in neocaudates: 


(A) Gyrtnophilus; (B) Pseudotriton; (C) Desmognathus, 
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full development of posterior basapophyseal muscle; 
(D) Batrachoseps attenuatus, suppression of subverte- 
bral septa and flexures; arrows show directions of 


pull on and between septa, 


Ventral views of midtrunk vertebrae showing septal 
patterns of the subvertebralts in derived neocaudates: 
(a) Salamandra salamandra; (B) Necturus maculosus; 


arrows show directions of pull on and between septa. 


Ventral views of midtrunk vertebrae showing directions 
of muscle action in animals that have lost subverte- 
bral flexures: (A) Triturus helveticus, showing 
pattern of the opisthocoelous newts; (B) Stren, showing 
secondary development of a "basapophyseal" muscle, 
probably from the situation seen in newts; (C) a 
lizard; showing»convergence.in a) procoelous reptile 


with the opisthocoelous newts. 


Left dentary (UA 14316) referred to Proamphtuma 
eretacea; from the Bug Creek Anthills locality, Upper 


Cretaceous Hell Creek Formation, Montana. 


Proposed cladistic relationships within the family 


Ambystomatidae; species groups differ from those of 


-Tihen (1958) , being defined in the text and in 


Table 1;.see text for discussion. 
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INTRODUCTION 


Owing to paucity of the: fossil record and the extensive occurrence 
of neoteny and structural simplification, phylogenetic relationships of 
the families of salamanders have long been uncertain. Although Wake's 
(1966) classification of the Caudata has been generally accepted (but 
see Edwards 1976), certain areas of controversy remain. Furthermore, 
little new information has been forthcoming to either corroborate or 
controvert Wake's scheme. The major aim of this study is to provide new 
data bearizig on the relationships of salamanders. As noted by Larsen 
(1963), uncertainty exists at both supra- and infrafamilial levels. My 
work is a continuation of the investigations of investigators such as 
Dunn -(1926), Noble (1931), Herre (1935b), Tihen (1958), Estes (1965b), 
Wake (1966), Wake and Ozeti (1969), and Edwards (1976), who have each 
studied the Caudata at various taxonomic levels. 

mG cholo paleontology necessarily remains the prime source of 
information for those working on phylogenetic relationships, salamanders 
present serious difficulties for a purely paleontological approach. The 
fossil record of these amphibians is sparse and demonstrably biased in 
favour of derived, neotenic lineages (see Estes 1965b). Although of 
major Papoweaneet Ane known fossils have little to say about the origins 
and relationships of the living families (perhaps excepting the 
Proteidae). Rather, they must be fitted into schemes based on the 
Recent taxa. Bizarre results obtain if the fossil taxa are interpreted 


as truly primitive (e.g., Vandel 1966). 
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Fitting the fossil taxa into the Recent framework has proven diffi- 
cult for a number of reasons. With a few notable exceptions (e.g., 
Hylaeobatrachus, Optsthotriton, Palaeoproteus, and Ramonellus), fossils 
are represented by isolated skeletal elements, which must be properly 
interpreted and associated in order to gain an appreciation of the 
entire organism. A precise knowledge of the osteology of living. species 
is, therefore, necessary. Type specimens tend almost invariably to be 
isolated vertebrae, with the other elements being referred with greater 
or lesser certainty. Problems have arisen owing to lack of detailed 
osteological and myological knowledge of the trunk region of living 
salamanders. This has necessitated a basically empirical approach to 
usage of vertebrae in the study and classification of fossil taxa. 

To satisfy the goals of the present study it was first necessary 
to survey the topographic features of the vertebrae throughout the 
order. However, after this was done, it became evident that a strictly 
osteological approach was not sufficient. Vertebrae owe their various 
shapes and accessory processes to the ways in which they function in 
locomotion. This being so, detailed dissection and description of the 
trunk musculature were necessary. Owing to a considerable amount of 
(unforeseen) diversity within certain families (notably the Plethodontidae 
and Salamandridae), as many genera were studied as possible. The 
results reported below document a tremendous wealth of inter- and intra- 
familial variation and a large amount of phylogenetically and function- 
ally significant data present in the trunk region. This information is 
presented in the form of anatomical descriptions of the vertebral column 


and trunk musculature, and in drawings. The approaches, techniques 
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used, and specimens studied are discussed at the beginnings of the 
osteological and myological sections below. 

Data gained from this study were then available for application 
to functional, phylogenetic, and paleontological problems. It proved 
possible to produce more concrete theories as to the origin of 
opisthocoely in salamanders and the relationships of certain families 
(notably amphiumids, proteids, batrachosauroidids, plethodontids, 
salamandrids, and sirenids). In light of the new information, 
previously studied characters and character complexes came to be more 
readily (and, hopefully, more realistically) interpretable, especially 
with respect to the fossil record. 

A brief note on the terms paedomorphosis, paedogenesis (= progenesis 
of Gould 1977), and neoteny is necessary, as they are of major relevance 
to salamanders. These terms have been a source of some confusion and 
are often used interchangeably. Paedomorphosis is an evolutionary 
phenomenon, resulting from the retention of larval (or juvenile) traits 
of an ancestor in the adult of a descendant (see de Beer 1958). 
Paedogenesis and neoteny have been utilized in quite different senses 
by various authors. I use these terms as follows (see Wilbur and 
Collins: 1973): 

1. Paedogenesis: obligatory partial or total retention of larval 
features, such as in Necturus or Stren. The larval traits are, therefore, 
genetically fixed and the sexually mature animal cannot metamorphose 
from the larval state. 

2. Neoteny: the facultative maintenance of the larval state in 


sexually mature animals, such as in Ambystoma and Notophthalmus. 
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In this si Tati ORP PERO HeETOR in the larval state is simply an alter- 
native adaptive strategy. 

These usages depart from those of de Beer (1958), who defined 
paedogenesis as the acceleration of the sexual organs with respect to 
the somatic tissues, whereas neoteny was the retention of larval 
structures and form (hence retardation of the somatic tissues). Gould 
(1977) has unnecessarily substituted the term progenesis for paedomor- 
pnosis, but otherwise retains de Beer's usages: “In spite of Gould's 
attempted ‘defence, the definitions of de Beer have little profound 


meaning or difference, and are operationally unworkable. 


Abbreviations 
Abbreviations of institutions are as follows: 
AMNH - American Museum of Natural History, New York. 
SMNH - Saskatchewan Museum of Natural History, Regina. 
UA - The University of Alberta, Edmonton (Vertebrate Paleontology 
Collections). 
UA-MZ - The University of Alberta, Museum of Zoology, Edmonton. 
UC-MVZ - University of California at Berkeley, Museum of 
Vertebrate Zoology. 
UW-RCS - University of Washington, R.C. Snyder. 
Abbreviations used in Figures are as follows: 
1) Vertebral: 
la - first alar process. 
2a - second alar process. 


oau- third alar process. 
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ab - anterior basapophysis. 
acn - anterior condyle. 
al - anterior lamella. 
alp - aliform process. 


hap 


hypapophysis or subcentral keel. 

hrp - hyperapophysis or neural spine. 

ize - interzygapophyseal crest. 

ne - neural crest (neural spine of authors). 
nen - neural canal. 

pb - posterior basapophysis. 

pet - posterior cotyle. 

ptp - pterygapophysis. 

pz - postzygapophysis. 

prz - prezygapophysis. 

sbf - subcentral foramen. 

spe - spinal nerve canal. 

Tl - first trunk vertebra or second cervical. 
T2 - second trunk vertebra, etc. 

tp - transverse process. 


ve - vertebrarterial canal. 


Anatomical: 
a.f. - anterior flexure. 
a.t. - adipose tissue. 


b.m. - anterior basapophyseal muscle (Archaeocaudata). 
'b.' m. - "basapophyseal" muscle (Stren). 


'b.' s. - "basapophyseal" septum (Stren). 
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b.v. - blood vessel. 

che, = centre: ofvcaleification, 

€.ts = Connective tissue. 

d.p.f. - deep posterior flexure. 

d.r.p. - deep part of the rectus abdomtnus profundus. 
d.t. - dorsalts trunct. 

E. - epaxial musculature. 

fa. - fascia. 

g. - mid-dorsal gland (Rhyacotriton). 

H. - hypaxial musculature. 

h.m. - hyperapophyseal muscle. 

ic. - intercostal musculature. 

i.S. - internal septun. 

it. - tntertransversus. 

iv-l, iv-2, iv-3 - intervertebral muscle blocks (Amphtuma). 
iv-5 - intervertebral muscle block (Stren). 

m.b.m. - main body of myomere. 

o.e. - obltquus externus. 

0.e.p. - obltquus externus profundus. 

0.e.s. - obliquus externus superfictalts. 

O.i. - obltquus tnternus. 

Didi. = ares anterior flexure (Amphtuma). 

p.b.m. - posterior basapophyseal muscle (Neocaudata). 
p.t.\— posterior flexure. 

p.m. - pterygapophyseal muscle (Desmognathus) . 


p.S.m. - posterior septum of expaxial myomere. 
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ra. - rectus abdominus. 
'r.' - area of reetus abdomtnus (Stren). 


rectus lateralis. 


Ry 
— 
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r.p. - rectus abdominus profundus. 
r.s. - reetus abdomtnus superftctalts. 
S k¢=ySkin 
$.a;f..- ,i)-septumjof anterior, flexure. 
ii) secondary anterior flexure (Amphtuma) . 
S.m. - scapular musculature. 
s.p.f. - septum of posterior flexure (Neocaudata). 
sp.n. - spinal nerve. 
S.r.p. - superficial part of Oy ee profundus. 
s.v. - subvertebralts. 
sv - septal-vertebral muscle block (Amphtuma) . 
t.p.f. - transverse process flexure (Archaeocaudata). 
t.p.m. - transverse process muscle. 
tr. - transversus. 
v.sv. - ventral layer of subvertebralts. 


Z.S. - zygapophyseal septum (Necturus). 
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Chapter I 
DESCRIPTIONS OF THE VERTEBRAL COLUMN 


A. Introduction 


This section comprises descriptions of the vertebral columns of 
representative species of each family of living eal aieders? Details 
of the structure and variation of the vertebral column have not been 
studied to the same extent as have other parts of the skeleton. 
Wiedersheim (1875) described and figured the vertebral columns of 
Salamandrtna and Hydromantes, while Riese (1891) provided descriptions 
of the column of Tylototriton. Ontogenetic development has been 
treated by Mauger (1962, Pleurodeles waltlt), Worthington (1971, 
Ambystoma opacwn), and Wake and Lawson (1973, Eurycea btsltneata). 
Estes (1964, 1969a,b,c) provides extensive descriptions of the vertebrae 
of fossil taxa. Wake (1970) briefly considered salamanders in his 
general review of vertebral evolution within the Amphibia. Worthington 
and Wake (1972) quantified variation along the column in species of 
Ambystoma, Taricha, Notophthalmus, Chtropterotriton, Desmognathus, 
Euryecea, and Plethodon. Although this latter study, if expanded, is 
potentially of interest to investigators of locomotion, it has little 
Garece applicability to phylogenetic reconstruction and paleontological 
study. 

Owing to the widespread occurrence of paedomorphosis (evolution by 
means of foetalization) within the Caudata, studies of the sort carried 


out by Worthington (1971) on Ambystoma and by Wake and Lawson (1973) on 
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Eurycea are of major interest and informational content with respect to 
phylogenetic analysis. Most recently, Edwards (1976) has documented 
the patterns of the spinal nerve exits throughout the Caudata. This 
Study is important in that it deals with a feature readily observable 
in both fossil and Recent material. Further, for whatever reason, 
these patterns correlate well with other anatomical data, allowing them 
to have major input into classification and phylogenetic analysis. In 
spite of these efforts, work on the structure of Recent salamanders is 
Sstilii-mecessary. J. suggest that this must be of the "classical" sort 
of comparative description (see Zangerl 1948), which provides the data 
necessary to phylogenetic study. 

Paleontological studies of salamanders are, by the nature of the 
fossil record, heavily dependent on vertebrae and the majority of fossil 
taxa are based on trunk vertebrae. Owing to the spotty nature of the 
fossil record of the Caudata, the living species must be studied in order 
to understand the fossil. There is a great deal of vertebral diversity 
within and between the families of living salamanders. The variation 
between taxa is often directly related to the structure of the associated 
trunk musculature (see the following descriptions), although correlations 
are sometimes not obvious. Given the diversity, work on fossil material 
can only proceed from a clear understanding of the Recent. Otherwise, 
of necessity, paleontological systematics is typological and empirical, 
with "diagnostic" characters chosen on the basis of intuition and 
comparison of the, usually isolated, fossil material. 

For each species a complete description of the atlas, second cervical 


(the first trunk vertebra, Tl), a mid-trunk vertebra, the sacrum (when 
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present), and a haemal vertebra (generally the third one of those having 
a complete haemal arch) is provided. For these vertebrae, the following 


parts were considered and described in each species, where applicable: 


Vos Centrum? Vanterror cotyle or condyle 
posterior cotyle 
subcentral foramina 
hypapophysis (= subcentral keel) 


basapophyses 


Zz. Neural arch: neural canal 
roof of the neural arch 
neural. crest 
hyperapophysis (= neural spine) 
spinal nerve foramina 
zygapophyses 

3. Haemal arch. 


4, Transverse processes (= rib-bearers). 


Additionally, variation along the entire column for the following parts 
is described:’ cotyle and condyle, hypapophyseal structures, neural 
arch (rarely used), neural crest and hyperapophysis, zygapophyses, and 
transverse processes. 

The terms used in this section are provided in Figure 1 (see also 
Abbreviations), and generally are those currently accepted. The neural 
crest has been called the neural spine by other authors. However, the 
latter term is potentially or actually confused with the posterior 


portion of the neural arch, which is here termed the hyperapophysis. 
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The term transverse process (or, if applicable, rib-bearer) is uti- 
lized owing to its use in the literature. The two processes of each 
rib-bearer are simply called the dorsal (diapophysis of authors) and 
ventral (parapophysis of authors) arms because of uncertainty as to | 
their true homologies (see also Gamble 1922). Wake's (1966) designa- 
tion for the process on the dorsal surface of each postzygapophysis 
fa desmognathines, the pterygapophysis, is used. The designation 
aliform process is used in the sense of Auffenberg (1959), but with 
extension to the salamandrid newts as well as sirenids (see also 
Estes® 1964 ,.11965b),er Finally, I-term’ thevaccessory flanges” from the 
transverse processes of Stren the first, second, and third alar 
processes secs Fipue ljvpedhesthirdialar process 1S unique to sirenids, 
but the first and second alar processes sometimes form the ventral 


lamellae in other salamanders. 


B. Descriptions 
i) Family Hynobiidae Cope 1859 
Pachypalaminus boulengert Thompson 1912 
Spectmens.- One dry skeleton (UA 14322) and one cleared and stained 


specimen (UA 14412). 


ATLAS. The anterior cotyles are medium-sized, irregular ovals 
extending laterally on either side of the odontoid process. They are 
situated largely below the neural canal and their dorsal edges are 
tilted posteriorly. Articular facets are very gently concave. The 
odontoid process is short and thin, but wide and with the dorsal 


surface concave for passage of the nerve cord. There is a ventral 
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articular facet on the odontoid and the process is located centrally 
Witierespect to thew nergnt of the anterior cotylées. ©The posterior 
cotyle is deeply concave with a large, centrally located, notochordal 
pit. The cotyle is teardrop-shaped with a flattened ventral border, 
which is produced somewhat posteriorly. A pair of small posterior 
basapophyses is present. 

The neural canal is small and triangular in anterior view. The 
NeuralParch® is -rovust, "witha steeply Sloping roof, and * pierced’ by*a 
foramen behind each anterior cotyle. Excepting a thin anterior 
comeetion=in the farger Specimen, the roof of ‘the neural ‘arch is not 
ossified, being finished in cartilage even in relatively large adults. 
There is no ossified hyperapophysis. | 

A low ridge extends from each anterior cotyle, posteromedially 
along the base of the centrum. The posterior zygapophyseal facets are 
large, long teardrops extending posteriorly and slightly laterally. 
The lateral edges are raised dorsally to a small degree. Transverse 


processes are absent. 


SECOND CERVICAL (T1). The anterior cotyle is medium-sized, circular 
in end view, and coated with a small amount of uniform infilling of 
calcified tissue. The dorsal and ventral rims project somewhat 
anteriorly. *“The central notochordal pit is wide and deep. ~ The 
posterior cotyle is large and subcircular in end view, its ventral 
border extending posteroventrally. There is a small amount of uniform 
infilling, and the notochordal pit is large and centrally located. 
There is a slight trace of a subcentral keel, and subcentral 


foramina are variably developed. Basapophyses are not evident. 
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In anterior view the neural canal is small and has the appearance 
of an almost perfect upside-down heart shape. The roof is in the form 
of an inverted V. .Foramina for the exit of spinal nerves are lacking. 
A robust, low crest extends the length of the roof. The neural arch 
ends posteriorly in a low, broad boss, which is little raised above 
the posterior zygapophyses and ends between them. There are no facets 
for the insertion of hyperapophyseal muscles. 

The articular facets of the prezygapophyses are large, elongate 
ovals extended anterolaterally. The lateral borders are raised 
dorsally and the facets originate below the top of the neural arch, 

The posterior zygapophyseal facets are large and oyster-shaped. They 
extend anteroposteriorly and the lateral borders are deflected dorsally. 

Transverse processes are relatively short, but robust. They are 
distinctly bicipital, but confluent. The processes originate mid- 
centrally and are angled gently posterolaterally with the larger, 
dorsal arms being posterior to the ventral. Alar processes are absent, 
but there are small, thin anterior and posterior webs of bone buttres- 
Sing the ventral arms to the centrum. 


The second cervical is a robust, short, high vertebra. 


TRUNK VERTEBRA (T7, see Fig. 2). The seventh trunk vertebra is 
well-ossified, but long, low, and slender. The subcircular anterior 
cotyle is aed cties i eae with a small amount of uniform infilling. The 
ventral rim is thickened in the basapophyseal area. A deep and wide 
notochordal pit is located centrally. The posterior cotyle has the 

form of a broad teardrop with its ventral rim extending posteroventrally 


and the dorsal rim flattened. The notochordal pit is large. A faint 
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ridge on the posterior one third of the centrum represents the 
hypapophysis. Subcentral foramina are lacking and there is a pair 
of small anterior basapophyses. 

The neural canal is small, and low and wide. The roof is etied 
and foramina for spinal nerves are absent. The neural crest is 
represented by a faint ridge occupying the central half of the roof 
of the neural arch. The hyperapophysis is a low, broad boss only 
slightly raised above the posterior zygapophyses and not projecting 
backwards. The facets of the anterior zygapophyses are large, 
irregular ovals, aligned anterolaterally with their lateral edges 
upswept. The posterior zygapophyses are in the form of broad 
teardrops, aligned anteroposteriorly with a slight posterolateral 
component. The facets are inclined dorsolaterally, and are concave 
dorsally. 

The transverse processes are thin, short, and slightly swept 
posteriorly.” The arms are) close’ together but diverge’ slightly-so°as 
to eenatute distally. The transverse processes originate midcentrally, 
with the dorsal arms somewhat posterior of the ventral, such that the 
whole transverse process is- tilted from the vertical. Alar processes 
are absent. A small, well-developed vertebrarterial foramen pierces 


the ventral arm of each transverse process. 


SACRUM (T19). The sacrum continues the trend for decrease in vertebral 
size along the posterior portion of the trunk and into the tail. Its 
sole distinguishing feature is the disproportionate size of the trans- 


verse processes, 
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The anterior cotyle is medium-sized, appearing as a laterally 
elongate oval in anterior view. A small amount of calcified tissue 
uniformly coats the cotyle internally. There is a large, centrally 
located, notochordal pit. The posterior cotyle is slightly oval in 
the horizontal plane, with the ventral rim produced posteroventrally. 
There is a large central notochordal pit. Basapophyses, hypapophysis, 
and subcentral foramina are absent. 

The neural canal is larger than in the central trunk vertebrae, 
and appears low and wide in anterior view. The roof of the neural 
arch is flat and spinal nerve foramina are absent. A neural crest is 
absent. the neural process (hyperapophysis) is low and wide, as in 
the trunk vertebrae, but projects slightly more posterodorsally, 
showing the beginnings of the trend culminating in the long neural 
process of the caudal series. The prezygapophyseal facets are large, 
irregular circles with the lateral edges slightly upturned. The 
facets of the postzygapophyses are irregular ovals, aligned postero- 
faeeeeiiy with the lateral and medial edges slightly tipped ventrally. 

Transverse processes are short, but robust and very wide 
distally. The arms are confluent, but bicipital, with the dorsal 
smaller than the ventral. Transverse processes originate midcentrally 
and extend posterolaterally in the vertical plane. Small anterior 
alar processes are present and a small vertebrarterial canal pierces 


each transverse process next to the centrum. 


HAEMAL VERTEBRA (H3). The anterior cotyle is large and oval in the 
horizontal plane. There is a small amount of uniform infilling and 


a large notochordal pit. The posterior cotyle differs from the 
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anterior in being subcircular with the ventral rim extended somewhat 
posteriorly. The haemal arch is well-developed, arising along the 
central two thirds of the centrum. There is a large circular haemal 
canal and each lateral wall is pierced by one or two small foramina. 
A haemal crest is absent. The haemal process extends posteroventrally, 
is long, and ends bluntly. 

There is a small, low, and wide neural canal with a domed roof. 
A neural crest is not present. The hyperapophysis is short, not quite 
projecting to the ends of the posterior zygapophyses. It is wide and 
robust, lacking facets for muscle attachment. Spinal nerve foramina 
are absent. Prezygapophyseal facets are large, irregular ovals 
disposed anterolaterally with the lateral edges inclined dorsally. 
Postzygapophyseal facets are broad teardrops of irregular outline. 
They extend anteroposteriorly and the medial and lateral edges are 
Slightly inclined downwards. 

Well-developed transverse processes are present. They are long, 
unicipital rods originating from the wall of the neural arch just above 
the midpoint of the centrum. They are directed gently posteriorly and 


ventrally. Alar processes and vertebrarterial canals are lacking. 


VARIATION ALONG THE COLUMN. 1. Cotyles.- The centra are deeply 
amphicoelous throughout the column, with a thin layer of granular 
calcified tissue internally. There is a small mid-central. plug 
dividing the cotyles in larger individuals. The chordal foramen is 
often slightly dorsal of the centre, although located centrally in 
those centra that are most dorsoventrally compressed. In the pectoral 


region (T1-T3), the anterior cotyle is subcircular. Posterior to 
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ehese, the cotylesis aciaterally elongate oval, especially in the 
posterior half of the trunk. The sacrum and caudosacrals retain this 
dorsoventral compression of the anterior cotyle, whereas that of the 
haemal vertebrae, although still oval, tends to be subcircular. There 
is a tendency for the dorsal and ventral rims of the anterior cotyle 
to project forward, producing an excavation of the lateral rim. This 
is best developed in the first few haemal vertebrae. 

The posterior cotyle to some extent mirrors the corresponding 
anterior cotyle. However, each has a distinct posteroventral exten- 
Sion of the ventral rim, which gives the tendency to a very broad 
teardrop shape in posterior view. 

2.  Hypopophyseal structures.- Excepting a faint subcentral ridge in 
the trunk region, a subcentral keel is lacking. The atlas has a pair 
of small posterior basapophyses, but such are lacking from Tl and T2. 
Posterior to this, anterior basapophyses appear. These are located 
ventrolaterally on the anterior cotyle, which often has the ventral 

rim somewhat thickened in the vertebrae immediately posterior to the 
pectoral girdle. Discrete anterior basapophyses are present throughout 
the trunk but are lacking from the sacrum and caudosacrals. 

The third postsacral vertebra bears the first haemal arch, less 
perfectly formed than those further posterior, but with a well-developed 
haemal process sarki posteroventrally. Behind this first haemal 
vertebra (Hl), the haemal arch extends most of the length of the 
centrum. There are no crests or flanges developed, the arch being 
smooth. The haemal process is robust, extending posteroventrally to 


the same extent as the hyperapophysis of the same vertebra extends 
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posterodorsally. The haemal canal is large and somewhat deeper than 
wide. The arch is variably pierced, usually only on one side, by a 
foramen for the exit of a Saeed vessel, 

3. Neural arch.- The first four or five vertebrae including the atlas 
have a large neural canal, in the form of an inverted heart in 
anterior,Views + lhere.is\progressiverdecrease, yn thevsize.of, the,.canal 
moving from the atlas posteriorly. By TS or T6 the canal is low and 
wide, presenting a kidney shape above the anterior cotyle. No marked 
increase in size is noticeable in the sacral region. The neural canal 
in the haemal series is similar in shape to that of the trunk, 
although, owing to a more flattened neural arch, the canal is roughly 


rectangular in anterior view. 


In the trunk region, the roof of the neural arch is gently arched — 


over the canal. The neural arch is a smoothly finished, robust 
structure, generally lacking auxiliary crests. ° Except in the atlas, 
foramina for spinal nerves are not present. 

4. Neural erest and hyperapophysts.- Tl through T3 have a distinct, 
but dow, neural.crest-anteriorly. Except for a;faint ridge on the 
posterior, parteof the,sneural arch of the trunk vertebrae, a neural 
crest is not otherwise developed. 

The hyperapophysis is of constant development in the trunk, 
sacral, and caudosacral vertebrae. It is low and broad, barely rising 
above the posterior zygapophyses. The hyperapophysis ends well before 
the hind edges of the posterior zygapophyses. It is in the form of a 
crescent, finished in calcified tissue, and lacking obvious crests 


for the insertion of hyperapophyseal septa and muscles. In the caudal 
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vertebrae, the hyperapophysis is produced posterodorsally and shows 

a tendency to end bicipitally. 

5. Zygapophyses.- The prezygapophyses are very large, extending 
anterolaterally out from the neural arch. The articular facets are 
somewhat elongate, irregularly shaped ovals. There is lateral 
uptilting, but this is nowhere markedly developed. The facets are 
almost horizontal in the sacral, postsacral, and caudal vertebrae. 
The prezygapophyses originate just slightly below the top of the roof 
of each neural arch. 

The postzygapophyses are asymmetrically teardrop- shaped, 
extending posteriorly and slightly laterally. They sare especially 
broad in the caudosacral and haemal regions. The facets are slightly 
upturned laterally, but also concave dorsally. 

6. Transverse processes.- Transverse processes are distinctly 
bicapital,.vutanotperedtly divergent singthe trunkoned10n.) Those uin 
the .area.of.the,pectoral girdle (T1-T3) are,xrobust; and the dorsal. and 
ventral rib-bearers are confluent distally. The transverse processes 
are here very powerful, and the dorsal rib-bearers are larger than 

the ventral. Posteriorly, the rib-bearers are separated distally and 
there is considerable variability in the relative sizes of the dorsal 
and ventral arms. The dorsal may be larger, the ventral may be 
larger, or they may be subequal. With the small sample at hand, there 
is no discernible necro to this variation. 

In the trunk region the transverse processes extend laterally and 
slightly posteriorly. =“rhe* dorsal rib-bearers are set slightly behind 


the ventral. There is no development of accessory ridges and no trace 
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of ventral lamellae associated with the rib-bearers. In the trunk 
region proper, the rib-bearers decrease in diameter, although not in 
length, posteriorly. Until the sacrum, they are separated distally, 
but there is little or no divergence of the rib-bearers. Although 
the trunk vertebrae have fully bicipital rib-bearers, those of the 
sacrum are almost completely confluent. 

The transverse processes of the caudosacrals are elongate. Those 
of the first caudosacral are partially bicipital. Those posterior to 
this are unicipital, but still large, and extend laterally as far as 
those of the sacrum. The first three haemal vertebrae retain 
well-developed unicipital transverse processes, which decrease in 
Size posteriorly... Over the.next Six.or so,haemals there) isi marked 
decrease, in, the. size,of the, transverse processesi,, with respect to 
length and diameter. In this area, they are associated with the neural 
arch, whereas in the first few haemal and caudosacral vertebrae they 
originate from the lateral edge of the centrum. The following haemals 
lack transverse processes. 

A small vertebrarterial canal pierces each transverse process 
through the ventral rib-bearer next to the centrum. These are largest 


in the first three trunk vertebrae. 


Hynobtus naevius (Temminck and Schlegel 1838) 
Spectmens.- One dry skeleton (UA 14321) and one cleared and stained 


specimen (UA 14411). 


ATLAS. The anterior cotyles have large circular facets, which are 


vertical in lateral view. The cotyles are oriented such that their 
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lateral edges are somewhat posterior to the medial edges. The articular 
surfaces are flat and situated ventral to the neural canal. The odontoid 
process is short, but broad and deeply concave dorsally for passage of 
the nerve cord. The process is situated midway down between the two 
cotyles “““The™ posterior ‘cotyle is'small ‘and’ subeircular, but the 
presence of a ventral thickening gives a superficial teardrop appearance. 
There is a small amount of uniform infilling and the notochordal area 
is deep and broad. A low, thin ridge extends from the posteromedial 
edge of each anterior cotyle to the terminus of the posterior cotyle. 
A pair of small, uniform subcentral foramina is present. 

The neural canal is large and triangular in anterior view, with 
the anterior cotyles and odontoid process forming the base and the 
dorsomedially extending neural arch the sides. The neural arch is thin 
and pierced by a foramen posterior to each anterior cotyle. The roof 
extends into a low, broad neural crest, which runs the full length of 
the roof. A hyperapophysis is not developed, but a pair of low, small 
posteriorly facing facets occurs between the postzygapophyses. The 
postzygapophyseal facets are of medium size, in the shape of elongate 
teardrops extended anteroposteriorly, and with the lateral edges 
inclined dorsally. 


Transverse processes are absent. 


SECOND CERVICAL (Tl). The anterior cotyle is medium-sized. Its dorsal 
surface is flattened, but it is otherwise subcircular in anterior view. 
The posterior cotyle is not large. In end view, it is a laterally 

elongate oval with the dorsal surface flatter than is the ventral. In 


both cotyles there is a small amount of uniform infilling. The 
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notochordai pit is deep and wide in each, and the two cotyles are 
separated by a narrow plug of calcified tissue. The ventral edge of both 
cotyles is distinctly thickened and beneath the anterior cotyle is a 
small flange of bone. Hypapophyses and basapophyses are otherwise 
lacking and subcentral foramina are not developed. 

The neural canal is expanded and wide, appearing rectangular in 
end view. The roof of the neural arch is wide and flat, and the walls 
lack foramina for spinal nerves. A distinct, low neural crest runs 
almost the total length of the neural arch. A neural process 
(hyperapophysis) is lacking, but a pair of large, posteriorly facing 
facets are found at the posterior terminus of the roof of the neural 
arch, above and between the posterior zygapophyses. The anterior 
zygapophyseal facets are small, irregular ovals extending antero- 
laterally, with the lateral edges slightly raised. The posterior 
zygapophyses are small, irregular ovals, disposed anteroposteriorly with 
the articular surfaces concave upwards. 

The transverse processes are long and robust. The rib-bearers are 
bicipital with the two arms confluent along the entire length. The 
arms originate midcentrally and extend posterolaterally. The dorsal 
arms are deeper than the ventral and the transverse processes are wide 
distally. Small buttressing alar processes join the ventral arms to 


the centrum. Small, well-developed vertebrarterial canals are present. 


TRUNK VERTEBRA (T7, see Fig. 3). The anterior and posterior cotyles are 
medium-sized relative to the size of the vertebra. The anterior cotyle 
is circular, but with a flattened dorsal rim. The posterior is sub- 


circular, with the ventral rim projecting slightly posteroventrally. 
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Both cotyles have thiekenea ventral rims, a small amount of uniform 
infilling, and deep, large notochordal pits. More posterior trunk 
vertebrae have a chordal canal piercing the centrum. Subcentral foramina 
and basapophyses are lacking. There is a faint, low hypapophyseal ridge 
extending under the middle one half of the centrun. 

The neural canal is large and hemispherical in anterior view. The 
roof is gently swollen and the arch lacks foramina for the exit of spinal 
nerves. There is a low, but distinct, neural crest extending posteriorly 
to the start of the hyperapophyseal area. A neural process is absent, 
the posterior part of the neural arch being thickened and dorsally 
flattened, with low, elongate facets facing posteriorly. Prezygapophy-. 
seal facets are oval teardrops, with an anterolateral placement and 
the lateral borders inclined dorsally. The posterior zygapophyses have 
smaller teardrop-shaped facets, which are disposed anteroposteriorly 
and with the articular surfaces concave upwards. 

Transverse processes are thin and relatively short, being bicipital 
and slightly divergent. They originate midcentrally, high on the 
vertebra and extend posterolaterally. The smaller dorsal arms are 
slightly posterior to the ventral. Alar processes are absent and the 


vertebrarterial canals are extremely small. 


SACRUM. There is some variability in the position of the sacrum, it 

being either the eighteenth or nineteenth trunk vertebra. The sacrum 

is small and, excepting the enlarged transverse processes, unmodified. 
The anterior cotyle is medium-sized and in the form of a dorso- 

ventrally flattened oval. The posterior cotyle is a broad teardrop with 


the ventral edge produced slightly posteriorly. There is a thin uniform 
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layer of calcified tissue inside each cotyle. The notochord is only 
slightly constricted, but blocked off midcentrally by a small calcified 
plug. Subcentral foramina, basopophyses, and hypapophysis are absent. 

The neural canal is low and wide, the roof above being wide and | 
very gently arched. Foramina for spinal nerves are absent. The neural 
crest is represented by a faint ridge on the central half of the roof 
of the neural arch. The hyperapophysis is short and low, ending ina 
pair of small projections that do not extend beyond the posterior 
zygapophyses. Prezygapophyseal facets are relatively small teardrops. 
They extend anterolaterally and have the lateral edges upturned. The 
postzygapophyseal facets are oriented posterolaterally, in the form 
of irregular teardrops or ovals. The lateral borders are tilted 
dorsally. 

Transverse processes are robust, originating just posterior of the 
middle part of the centrum and swept gently posterolaterally. They are 
unicipital and the distal ends are greatly expanded, especially dorso- 
ventrally. Alar processes are lacking and a very small vertebrarterial 


canal pierces each transverse process next to the centrum. 


HAEMAL VERTEBRA (H6). The haemals are thin, long vertebrae with few 
crests for the insertion of musculature. The anterior cotyle is large 
and dorsoventrally compressed. The posterior cotyle is subcircular, 

but with the dorsal rim flattened and the ventral rim projecting slightly 
posteriorly. In both, there is a small amount of calcified infilling, 
the notochord is little constricted, and the latter is divided by a thin 
calcified plug. The haemal arch, when present and complete, is poorly 


developed and composed of very thin bone. It covers the central three 
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quarters of the Saeed The haemal canal is small and circular in end 
view. Each wall is pierced by a single foramen. A haemal crest is not 
present and the haemal process is short and ends bicipitally. 

The neural canal is small, with a width somewhat greater than the 
height. The roof of the arch is narrow and gently domed. Foramina for 
spinal nerves are lacking. The neural crest is a low irregular ridge. 
The hyperapophysis is short, robust, and bicipital, ending at a level 
more or less at the ends of the posterior zygapophyses. Prezygapophy- 
seal facets are large, elongate teardrops. They have a slight antero- 
lateral component to their extension and the articular surfaces are 
concave. The postzygapophyses have facets in the form of smallish, 
long teardrops. They are situated posterolaterally and the lateral 
edges are tipped slightly dorsally. 

The transverse processes are small unicipital rods extending from 
the wall of the neural arch just above the midpoint of the centrum. 
They extend laterally and slightly posteriorly for a short distance. 


Alar processes and vertebrarterial canals are absent. 


VARIATION ALONG THE COLUMN. 1. Cotyles.- The anterior cotyle of Tl is 
approximately teardrop-shaped. All subsequent vertebrae have the 
anterior cotyle wider than high, although there is notable variation in 
shape: some are almost subcircular, others have pronounced dorsoventral 
flattening. The posterior cotyle exhibits similar dorsoventral compres- 
sion, but differs in that the ventral rim is produced somewhat 
posteriorly. There is a thin film of calcified tissue on the inside 

of the cotyles and a narrow plug fills the notochordal canal medially. 


2. Hypapophyseal structures.- The second cervical has a small, ventral 
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flange under the anterior cotyle. Excepting this, a subcentral keel is 
lacking from the column. A ventral swelling is present on the rim of 
each anterior cotyle in the anterior portion of the trunk. “In the 
posterior half this becomes small anterior basapophyses, which are 
lacking from the sacral and postsacral vertebrae. Subcentral foramina 
are absent. 

The first haemal arch appears on the second caudosacral vertebra. 
The arch is simple, provided with a posteroventrally projecting spine, 
and lacks crests or other projections. In the more posterior part of 
the tail the haemal spine becomes bicipital. 

5. Neural arch.- There is little variation in this part of the vertebra. 
The neural canal is large postcranially, but becomes smaller posteriorly. 
Spinal nerve foramina are lacking throughout the column. 

4. Neural crest and hyperapophysts.- In the pectoral region, each 
vertebra possesses a well-developed, but low, neural crest, which is not 
quite raised to the level of the hyperapophysis. It extends much of the 
length of the roof of the neural arch. The crest decreases in height 
and length progressively until, on the sacrum, it is lacking. A small 
crest in the middle of eye neural arch is re-developed in the caudal 
series. 

The hyperapophyseal area is not well-developed, and the hyperapoph- 
Vorsvas ‘eftectively Lacking. ‘This aréa is) raised siiontly. and ends in 
a pair of ill-defined swellings. In the caudal vertebrae there is a 
bicipital hyperapophysis. 

o. Zygapophyses .~- Prezygapophyses in the pectoral region have facets 


developed as irregular ovals, positioned anterolaterally, and exhibiting 
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little or no lateral inclination. In the trunk proper the prezygapoph- 
yseal facets become significantly wider and they extend a greater 
distance anteriorly and laterally from the neural arch, trends that 
continue into the caudal vertebrae. Posterior to the pectoral girdle 
there is slight, but notable, lateral uptilt to the prezygapophyses. 
Postzygapophyses extend well back of the hyperapophyseal area. They 
are in the form of highly irregular circles and are smaller than the 
prezygapophyses with which they articulate. 
6. Transverse processes.- The transverse processes are short, robust 
structures extending laterally and posteriorly from the vertebrae. The 
| rib-bearers are confluent in Tl, T2, and sacrum. The other trunk 
vertebrae, save the one or two immediately before the sacrum, have 
weakly, but distinctly, bicipital rib-bearers. The rib-bearers are not 
notably inclined from the vertical plane, with the dorsal and ventral 
arms being more or less one above the other. 

The caudosacrals have elongate, unicipital transverse processes, 
which carry ribs. The first haemal vertebra also bears ribs. From 
here posteriorly the transverse processes decrease in size and length, 


also coming to extend more directly lateral. 


ii) Family Cryptobranchidae Cope 1889 
Cryptobranchus allegantensts (Daudin 1803) 
Specimens.- Two dry skeletons (UA 14326, 14327) and two cleared and 


Stained specimens (UA 14413, 14414). 


ATLAS. The anterior cotyles are irregular ovals, slightly wider than 


high, extending laterally on either side of the odontoid process, and 
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Situated largely below the neural canal. The surface of articulation 

is continuous over the anterior face of the odontoid process and merges 
laterally with the cotyles. In lateral view the cotyles are slightly . 
tilted posterodorsally and are concave to flat. The odontoid process 

is a wide, robust projection extending relatively far anteriorly. It 

is grooved dorsally by the neural canal. In total, tie anterior portion 
of the atlantal centrum resembles that of the fossil salamander 
Seapherpeton. The posterior cotyle is deeply concave, with some 
calcification internally. It tends to be subcircular in posterior view, 
with a thickened ventral rim. The chordal foramen is situated dorsally, 
just beneath the top of the centrum. There is sometimes a thick sub- 
centralecrest,on, thesatdasi: 

The neural canal is a large, laterally compressed oval. In larger 
specimens the canal is smaller relative to the size of the atlas. A 
small flange of bone is present on the inner wall of each neural arch, 
just above the centrum. The roof of the arch extends dorsally into a 
relatively tall, thick neural crest, which is capped in cartilage. The 
neural arch is relatively robust, its walls rising almost straight 
dorsally, and slightly medially. The hyperapophyseal region is not 
developed. Spinal nerves exit intravertebrally through the walls of 
the neural arch, the passages continuing laterally through the anterior 
cotyles on either side. 


There are no transverse processes. 


SECOND CERVICAL (Tl). The anterior cotyle is higher than wide, but this 
is accentuated owing to the dorsal position of the chordal foramen and 


the extension of the ventral border of the cotyle. The posterior cotyle 
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is circular, with but a slightly thickened ventral rim. The centrum is 
deeply amphicoelous and there is a small amount of calcified tissue 
infilling the cotyles. A robust hypocentral keel joins the anterior and 
posterior cotyles. In some specimens, this keel is grooved on one side 
or the other by a blood vessel. There is no trace of basapophyses 
anteriorly. A variable number of subcentral foramina are found on 
either side of the keel. 

The neural canal is wider than high, exhibiting a kidney shape in 
anterior view. There are no spinal nerve foramina. The neural crest is 
represented by a low ridge. The hyperapophysis is a large, slightly 
raised process, which is finished in cartilage. The walls of the neural 
arch are robust. Dorsally, between the prezygapophyses, the roof of 
the neural arch is notched. The prezygapophyses are heavy, projecting 
anterolaterally and dorsally from the front of the neural arch. They 
do not extend far beyond the front of the vertebra. The facets are 
irregularly shaped ovals or circles, with their axes extending anteri- 
orly and slightly dorsally and laterally. The prezygapophyses are 
Significantly larger than the postzygapophyses. The latter have rela- 
tively small, subcircular facets, which are tilted from the horizontal. 

The transverse processes are long, robust, unicipital tubes 
extending laterally and slightly posteriorly. Medially, each transverse 
process is pierced by a large, longitudinal canal for a vertebral blood 
vessel. These canals cause a double joining of the transverse processes 
to the vertebra. Ventrally there is elongate attachment to the dorsal 
part of the centrum. In this position a small ventral lamella is formed 


in association with each transverse process. Dorsally the transverse 
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processes originate mainly from the posterior quarter of the wall of 
the neural arch. In addition, there is a strut of bone extending 
anteriorly from these points, along the wall of the neural arch to the 


latter's anterior third. 


TRUNK VERTEBRA (T9, see Fig. 3). The anterior cotyle is subcircular 
with the chordal foramen in a dorsal position. There is no infilling 
evident, but the walls of the centrum are thickened, especially ventrally. 
The posterior cotyle is somewhat teardrop-shaped and the ventral rim is 
produced posteriorly to a slight degree. The chordal foramen is located 
just beneath the floor of the neural arch. Basapophyses are lacking. 
There is a thick ridge joining the cotyles, but this does not drop 
below the level of the cotyles. Subcentral foramina are generally 
present, one on either side of the subcentral keel or a single one on 
one side or the other. 

The neural canal is low and bean-shaped in anterior view. The 
roof of the neural arch is flat, rising gently posteriorly to the 
hyperapophysis. There are no foramina for the spinal nerves. The 
neural crest is represented by an indistinct ridge in the middle half 
of the roof. The hyperapophysis is a low, small bump finished in 
cartilage. No facets are developed, but musculature attaches_to the 
ventral surface of the roof of the neural arch between the posterior 
zygapophyses. Prezygapophyseal facets are large elongate ovals, 
anterolaterally disposed and with the anterolateral edges raised 
dorsally. The postzygapophyseal facets are long and teardrop-shaped, 
extending anteroposteriorly and slightly posterolaterally. The posterior 


edges are turned down. 
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The transverse processes are long and robust, arising from the 
neural arch and dorsal part of the centrum just posterior to the midpoint 
of the vertebra. They incline posteriorly at about an angle of 120 
degrees, and twist from the vertical such that the dorsal parts are 
further posterior than the ventral. The transverse processes are weakly 
bicipital, with the dorsal and ventral arms conel acts A small verte- 
brarterial canal pierces each process dorsal to the small ventral 


lamella and next to the centrum. 


SACRUM (T19). The anterior cotyle is teardrop-shaped, but with the 
broadest part located ventrally. There is no infilling, the ventral 
rim of the cotyle is thickened, and the chordal foramen is dorsal. The 
posterior cotyle is subcircular, but somewhat wider than high. The 
ventral rim is thickened and produced slightly posteriorly. There is 
no infilling and the chordal foramen is dorsal. Basapophyses and a 
hypapophysis are lacking and there are subcentral foramina. 

The neural canal is low and wide. The roof of the neural arch is 
flat and the walls lack foramina for spinal nerves. A small, but 
distinct, neural crest is present in the middle half of the roof. The 
hyperapophysis is a small boss on the posterior of the neural arch, 
raised slightly above the level of the roof of the arch. Facets are 
lacking from the hyperapophysis. The prezygapophyseal facets are 
developed as in the trunk vertebra described. Postzygapophyseal facets 
are small ovals, more or less in the horizontal plane and laterally 
extending. 

The transverse processes are large and robust. They are distinctly 


bicipital, but the cavities at the expanded distal ends are confluent. 


| Ra eR geen Seeder teat sais Sub 
| ee at: ots es "tol ase seul winin wile ie . 
ats te: olimie en fuede (3 i, susan ett 


A a g~ 
Linon ore ZemegnotG serotmiety Sal epi ‘os sear 


Eome A. oir bdihes.” age ere ee 


| z ee Bale paca nots os pam 
Wd » bite s-qorhtres steer es eat oom ae 
rT * yitincictnay anenes (1608 
3h eh onewkeb Labia lies heats totale at orynad 
ait. nite 2eb Fw {ieee Sf seu Hagen Reet at, ean: 
Vivocrst207 Vidi? ee Laas ‘bonsai 
saydiédenes | | Levee eT Seeman Ree ww 
faigose: Lefinpoere id had decid Lie gontvek wae 
> inte Torre oie Vali Soe oni + bilge ina | Pie “a dbnioe! 
on Sed si A V2esec ibid oh Srstenigite toe, en 
uth: < Bde gristeio, Gad besa Bet SAB! ote, winabhy aaah 
dist -teegsn AS ie: 1h Pees tar net ae deed bone Be ab ee 
re eobse4: _Avin,eil Dntede nicht ag phage diab 
° tk 29aG8x 3 udaleeiad wh ile icy Goanenh ome 


genet, Mesexigeqesvaree \ bert is neh audrey ra canes ode: ae | 


fe 


x LF 

: 7 

\ 7 
wi, E 


ee : 


Ai, 


Ebibtsted< Bar onvtg Tetnos bug dade ah cele emoy ee Metts DES 


o 


*i Pea Mat? ,3ehihoet ing sh sest bake) ranean 


4am Apattang ers ches fagels havens alts: we 


32 


The transverse processes originate just posterior of the middle part of 
the vertebra and angle posteriorly at about 120 degrees, at least in 

larger individuals. The rib-bearers are in a single vertical plane and 
ventral lamellae are present, although the posterior alar processes are 


small. Vertebrarterial foramina are very large. 


HAEMAL VERTEBRA (H3). Both anterior and posterior cotyles are subcircular 
with robust rims. Infilling is lacking, there are no flanges developed 

on the rims, and the chordal foramen is in a dorsal position. A large 
haemal canal is present below the centrum. Only the posterior part of 

the centrum bears the haemal arch. From this arch a long, dorsoventrally 
flattened, haemal process projects posteroventrally. The process bears 

a small median ridge on its ventral surface. 

The neural canal is large, and the roof of the neural arch is 
slightly domed above. There are no foramina for the exit of spinal 
nerves. The neural crest is a low, sharp ridge beginning behind the 
prezygapophyses and running posteriorly to the tip of the hyperapophysis. 
The latter is a long, thick tube extending posterodorsally from the 
neural arch. Postzygapophyseal facets are small ovals on the ventro- 
lateral edges of the hyperapophysis. Prezygapophyseal facets are antero- 
laterally placed ovals with the lateral borders strongly tipped dorsally. 

Transverse processes on the third haemal vertebra are well-developed, 
but short. They are generally unicipital with dorsal flanges of bone, 
but they may be divergently bicipital. The transverse processes 
originate midvertebrally and are strongly posteriorly inclined. Alar 
processes are variably developed, but a system of dorsal, ventral, 
anterior, and posterior alars is often present. A minute vertebrarterial 


canal is present. 
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VARIATION ALONG THE COLUMN. 1. Cotyles.- The anterior cotyle tends to 
be circular throughout the column, with the more anterior vertebrae 
having a cotyle somewhat higher than wide. The posterior cotyle is in 
the shape of a broad teardrop, this being especially marked in the 
second cervical (Tl). In the most posterior trunk vertebrae and in the 
sacral, the posterior cotyle is teardrop-shaped but with the broadest 
part ventral, reversing the shape found more anteriorly. 

Postsacrally, anterior and posterior cotyles are approximately 
circular. Infilling of the cotyles by calcified tissue is not evident 
anywhere along the column. However, the rims of the cotyles are 
thickened and -the ventral rim of the posterior cotyle projects a short 
distance posteriorly in the trunk vertebrae. 

2. Hypapophyseal structures.- All vertebrae except for the atlas and 
the sacral generally have hypapophyseal structures. Basapophyses are 
absent throughout the column. In the trunk series, the hypapophyseal 
keel is robust, concave dorsally in lateral view, and does not extend 
beneath the level of the cotyles. In the first postsacral vertebra, 
these paired structures each give rise to a posterior rod. These rods 
extend posteroventrally, converge, and are joined by a web of bone 
distally. Posteriorly, the haemapophysis thus formed becomes more 
arch-like, the haemal canal smaller, and a haemal process develops. The 
haemal process is a long, posteroventrally directed rod, subequal in 
size and orientation to the hyperapophysis of the neural arch. 

3. Neural arch.- The neural arch is a low, robust structure throughout 
the colum posterior to the first few vertebrae. There are no foramina 


for spinal nerves except in the atlas. 
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4. Neural crest and hyperapophysts.- A tall robust neural crest is 
present on the atlas, capped in cartilage even in large individuals. 

A low median swelling of the neural arch in the trunk region might be 
interpreted as a neural crest, but it is probably more accurate to 
describe the crest as absent. The neural arch rises posteriorly from 
the midpoint of the roof. At the posteromedian edge it gives rise to 

a small, low protuberance — the hyperapophysis. The height of the 
latter is greatest in the anterior part of the column and decreases 
posteriorly to a minimum immediately presacrally. In the postsacral 
vertebrae the hyperapophysis becomes progressively longer. In the 
haemal series it is an elongate rod extending posteriorly over the next 
posterior vertebra. 

5. Zygapophyses.- The prezygapophyseal facets extend anteriorly and 
laterally from the front of the neural arch. In the anterior part of 
the trunk the facets are oval to teardrop-shaped, whereas posteriorly 
they are more elongate, but then shorten again immediately presacrally. 
The lateral borders of the facets are tilted dorsally. In the caudal 
vertebrae there is progressively more inclination until the facets are 
vertical. 

The postzygapophyseal facets are teardrop-shaped in the anterior 
region of the trunk. They are progressively more oval posteriorly and 
finally are irregular circles in the five or six vertebrae in front of 
the sacrum. The placement of the facets is primarily anteroposterior, 
but with a small posterolateral component. The posterior zygapophyses 
of the postsacral vertebrae are reduced until, in the haemal series, 


they are tiny facets on the ventrolateral edges of the hyperapophysis. 
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6. Transverse processes.- Transverse processes are lacking from the 
atias. The second cervical has long, robust unicipital processes, which 
extend posteriorly at about 105 degrees. The transverse processes of. 
the trunk vertebrae are weakly bicipital, the arms being closely 
appressed and confluent. In the more anterior region the dorsal and 
ventral arms are in a single vertical plane. More posteriorly, the 
transverse processes become inclined, the ventral arms further anterior 
than are the dorsal. In the sacrum the arms once again lie vertically. 
Ventral lamellae are well-developed throughout most of the column. 
The first and second haemal vertebrae have small ventral lamellae, but 
these are lacking posteriorly. Transverse processes are present on the 
more anterior haemal vertebrae, becoming gradually reduced posteriorly, 
and disappearing from the sixth or seventh haemal vertebra. Large 
vertebrarterial canals are present, located just above the ventral 


lamellae next to the centrum, 


iii) Family Amphiumidae Gray 1825 
Amphtuma tridactyltum Cuvier 1827 


Spectmens.- One dry skeleton (UA 14364). 


ATLAS. The anterior cotyles are large irregular hemispheres, with 
straight medial borders next to the neural canal and odontoid process, 
The dorsal and ventral borders of each cotyle extend slightly forward, 
leaving a central depression. The cotyles extend about halfway up the 
sides of the neural canal. In lateral view they are in the vertical 
plane. The odontoid process is large and elongate, with a median groove 


and large ventrolateral articular facets, which join with the occipital 
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condyles of the skull. The posterior cotyle is large and has a substan- 
tial amount of calcified tissue infilling, producing a shallow cavity. 
The cotyle is elongate and laterally compressed, with the ventral half 
projecting posteriorly. The chordal foramen is small and located far 
dorsally. Basapophyses and hypapophysis are lacking. 

The neural canal is small, irregularly oval in anterior view, and 
slightly pinched ventrally by the anterior cotyles. The sides of the 
neural arch are robust, arising from the posterodorsal edges of the 
anterior cotyles. Very small foramina pierce the neural arch where the 
latter joins the anterior cotyles. The neural crest is a thick, low 
ridge extending the length of the roof of the neural arch and then rising 
posteriorly with the hyperapophysis. There are two small lateral 
accessory ridges running the length of the roof. Posteriorly the roof 
of the neural arch rises steeply into a tall, robust hyperapophysis, 
which has posteriorly directed, vertical facets. The postzygapophyseal 
facets are teardrop-shaped, posterolaterally oriented, and with the edges 
slightly raised. In the available skeleton, the left zygapophysis is 
anomalous owing to extra deposition of bone between it and the neural 
arch. 


Transverse processes are not developed. 


“SECOND CERVICAL (Tl). The anterior cotyle is,small, in the shape of an 
elongate teardrop, and has a thick boss of bone extending from the ventral 
border. There is a large amount of infilling, the cotyle being extremely 
shallow, and an irregular plug obliterates the chordal foramen. The 
posterior cotyle is subcircular, the vertical diameter exceeding the 


horizontal. The ventral rim is excavated anteriorly and there is a large 
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amount of uniform Heeb ety! with the chordal foramen being a small, 
dorsal opening. The subcentral keel is robust with a straight ventral 
border produced well below the cotyles. There is an irregular mass of 
bone beneath the cotyle, but anterior basapophyses are not differenti- 
ated. 

The neural canal is low and wide, its roof flattened. Spinal nerve 
foramina are absent. The neural spine is tall, rising well above the 
level of the hyperapophysis and occupying the posterior half of the roof 
of the neural arch. The hyperapophysis is composed of lateral flanges 
from the posterior border of the neural crest extending over the post- 
zygapophyses. There are two vertical, posteriorly facing facets on the 
hyperapophysis. Prezygapophyseal facets are anteroposteriorly extended 
ovals of irregular shape, correlating with the anomalous development of 
the postzygapophyses of the atlas. Postzygapophyseal facets are elongate 
ovals running posterolaterally and with the lateral edges strongly 
uptilted. 

Transverse processes are very long and slender. The left one is 
unicipital, the right has a small ventral accessory facet making it weakly 
bicipital. The transverse processes originate from just posterior of the 
midpoint of the vertebra and extend posterolaterally. Small alar 
processes are present posteriorly and the vertebrarterial canals are 


narrow and long. 


TRUNK VERTEBRA (T27, see Fig. 4). The anterior cotyle is large and 
subcircular, with a central chordal foramen. There is extensive infilling, 
so as to produce a uniform, shallow depression. The posterior cotyle is 


teardrop-shaped, with a dorsal chordal foramen and much infilling. The 
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ventral borders oro cotyles are slightly extended. The hypapophysis 
is a robust keel extending from cotyle to cotyle. It is concave upwards 
in lateral view and drops slightly below the level of the posterior 
cotyle. Two irregular subcentral foramina are present. Two lateral 
ridges extend from the anterior part of the subcentral keel along the 
cotyle and proceed ventrally and anteriorly as anterior basapophyses. 

The neural canal is small and low, with a sloping roof. Spinal 
foramina are lacking. The neural crest is tall and thin, rising 
vertically from the posterior edge of the prezygapophyseal facets and 
then proceeding horizontally to meet the top of the hyperapophysis. The 
hyperapophysis is composed of two lateral flanges paralleling the 
posterior border of the neural crest. It accommodates two posteriorly 
facing facets. The prezygapophyseal facets are large irregular ovals, 
almost rectangular in outline. They extend almost straight laterally, 
but with a slight anterolateral component. The lateral edges are slightly 
tilted upwards. The postzygapophyseal facets are broad teardrops with a 
posterolateral extension. The lateral edges are inclined downwards. 
From the surface of each posterior zygapophysis a thick, low ridge 
extends anteriorly and medially to terminate on the roof of the neural 
arch at the level of the front of the neural crest. This zygapophyseal 
crest serves as a site of attachment for a myoseptum of the dorsalis 
trunet (see descriptions below). 

Transverse processes are long, thin, and unicipital, originating on 
the dorsal part of the centrum about midcentrally. They extend gently 
posteroventrally. Small first alar processes are present, and 


well-developed second alar processes arise from the anterior surfaces of 
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the transverse processes and the lateral walls of the centrum. Distally, 
the second alar processes are produced into blunt points, which correlate 
with anterior flexures in the trunk musculature (see descriptions below). 
A small ridge occupies the anterodorsal surface of each transverse ) 


process, corresponding to the third alar process of Stren (see Fig. 1). 


SACRUM. There is no sacral vertebra, even though there is a pelvic 


girdle. 


HAEMAL VERTEBRA (H2). Both anterior and posterior cotyles are circular, 
with a small amount of uniform infilling, and the chordal foramen is 
located dorsally. A complete haemal arch does not appear until the 
seventh haemal vertebra. In the more anterior haemals a pair of 
hypapophyses arises along the lateral edges of the centrum. They angle 
posteriorly, narrowing to end in blunt points. The processes diverge 
slightly from each other and the arch is incomplete. In the seventh 
haemal the diverging processes are joined distally by a flat piece of 
bone. 

The neural canal is low, with the roof gently rounded. Spinal nerve 
foramina are absent, but appear in the more posterior haemal vertebrae 
(see Edwards 1976). There is a low, triangular neural crest occupying 
the middle half of the roof of the neural arch. The hyperapophysis is 
composed of two diverging processes extending. posterodorsally above 
and beyond the postzygapophyses. The posteroventral surface of the 
hyperapophysis is flattened and facets are lacking. Prezygapophyseal 
facets are laterally extending ovals, slightly dorsally inclined on the 
outer edges. Postzygapophyseal facets are irregular ovals, extending 


posterolaterally, with the lateral edges tilted dorsally. 
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Transverse processes are small, unicipital, and lateroventrally 
directed. They are composed of three alar processes, the first and 
second combining to form ventral lamellae and a vertical dorsal alar 
(the third) joining with the neural arch and prezygapophysis. Trans- 
verse processes arise from the anterior part of the centrum and lack 


vertebrarterial canals. 


VARIATION ALONG THE COLUMN. 1. Cotyles.- The cotyles are of relatively 
constant shape along the column. In the trunk series the anterior 
cotyle is a vertically elongate oval, whereas the posterior cotyle is 
teardrop-shaped. In the cloacal region, cotyles are dorsoventrally 
flattened and in the haemal series they are circular. Throughout the 
column the cotyles are partially filled with calcified tissue, producing 
a shallowly amphicoelous centrum (see also Fig. 93). A distinct chordal 
foramen is usually present, but one or two vertebra have the foramen 
obliterated by a plug of calcified tissue. When adjacent vertebrae are 
broken apart in a dry skeleton, the notochordal tissue between the 
cotyles is in the shape of _a sphere, not the sharp cone seen in Necturus, 
for example. 

2.  Hypapophyseal structures.- The hypapophysis is lacking from the 
atlas. On the next three vertebrae the hypapophyseal keel is 
well-developed, produced ventrally beneath the ventral borders of the 
cotyles. Posteriorly, as the basapophyses become well-developed, the 
hypapophysis comes to project slightly below the posterior cotyle. This 
association of basapophyses and posterior hypapophyseal projection 


recalls the condition of Desmognathus (q.v.). 
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In the posterior trunk region the hypapophysis is gradually reduced, 
finally disappearing in the cloacal and pre-haemal vertebrae. In many 
trunk vertebrae the blood vessels exiting through the subcentral foramina 
cause the formation of a vertical groove on either side of the hypapoph- 
ysis. In the haemal vertebrae a paired hypapophysis is present, composed 
of two large, posterolaterally directed processes. Further back these 
are joined by a web of bone, forming the haemal arch proper. The haemal 
arch has complex ridges, coming to mirror the neural arch and its 
associated structures. 

Basapophyses are lacking on the first and second trunk vertebrae, 

' the three vertebrae immediately anterior to the haemal series, and from 
all haemal vertebrae. They are relatively constant along the column, 
remaining large and well-developed so long as they are present. They are 
anteriorly situated and project anteroventrally beneath the anterior 
cotyle. 

3. Neural crest and hyperapophysts.- Neural crests and hyperapophyses 
are present throughout the column until the terminal caudal region. On 
the atlas the neural crest is a broad, low ridge, but in the following 
vertebrae it is a tall, thin crest. In the more anterior trunk verte- 
brae the crest occupies the posterior half of the roof of the neural 
arch. In the succeeding vertebrae the anterior edge shifts forward to 
stabilize its origin slightly behind the anterior border of the neural 
arch. In the pectoral region the neural crest rises well above the level 
of the hyperapophysis. However, this height is reduced posteriorly and 
along most of the trunk the neural crest and hyperapophysis are subequal 


in height. In the postcloacal and haemal vertebrae there is progressive 
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lowering of the posterior part of the neural crest, and it eventually 
becomes a small midvertebral flange. 

The hyperapophysis rises nearly vertically from between the post- 
zygapophyses. It joins to the rear of the neural crest as a pair of 
laterally directed flanges, producing two posteriorly facing, vertical 
facets between the postzygapophyses. In dorsal iealie neural crest 
and hyperapophysis of each vertebra produce a T-shaped structure. The 
development of the hyperapophysis is constant along the column until 
the cloacal and haemal vertebrae, in which it is composed of a pair of 
diverging, posterodorsally projecting spines. In these, posterior 
facets are lacking. The posterior facets serve as areas of insertion 
for the hyperapophyseal muscles. 

4. Zygapophyses.- In most vertebrae the prezygapophyseal facets extend 
laterally and slightly anteriorly. Their lateral edges are tilted 
dorsally. Postzygapophyseal facets extend posterolaterally, their outer 
edges dipping slightly downward. The facets are shallowly concave 
upwards. In the more posterior haemal vertebrae the prezygapophyses 
shift position until they orient anteroposteriorly, with the lateral 
borders raised dorsally. The associated postzygapophysis show analogous 
changes to accommodate the prezygapophyses. In the most posterior 
caudal vertebrae (the last five to ten) zygapophyses disappear. 

5. Transverse processes.- There are no transverse processes on the 
atlas. The second cervical bears well-developed, bicipital transverse 
processes with the rib-bearers closely appressed. The transverse 


processes are angled posteriorly at about 110 degrees. Alar processes 


are lacking and the arms are situated in a single vertical plane. T2 has 
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bicipital transverse processes, with the rib-bearers closely appressed. 
These extend posterolaterally at a slightly greater angle than those of 
Tl. Posteriorly, the second alar processes increase in size, but first 
alar processes remain small. After T2 the transverse processes are 
unicipital and come to lie at right angles to the centrum. In the 
cloacal region, the second alar processes are gradually neducedzapin 

the caudal series the first alar processes become subequal to the second 
and the transverse processes are horizontal plates, which extend from 
the anterior half of the centrum. Only the most posterior caudals lack 


transverse processes completely. 


iv) Family Ambystomatidae Hallowell 1857 
Ambystoma tthent Holman 1968 
Spectmens.- The only two known trunk vertebrae, SMNH 1431 (holotype), 
and SMNH 1432 (paratype), from the lower Oligocene of the Cypress Hills, 


Saskatchewan. 


DESCRIPTION (see Fig. 5). The anterior cotyle is, apparently, subcir- 
cular in outline. Insofar as can be determined (there is wear and 
breakage) the posterior cotyle is also subcircular. There is what 
appears to be significant infilling of the anterior cotyle by calcified 
tissue, causing the cotyle to be relatively shallow. There are no 
basapophyses or hypapophyses and subcentral foramina are lacking. 

The neural canal is wider than high and dorsoventrally flattened. 
Relative to the centrum, the neural arch is massive and greatly expanded 
laterally. The roof of the arch is slightly arched medially, and wide. 


The neural crest runs almost the entire length of the arch, but is low, 
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being merely a sneti ridge. The spinal nerve foramina are located at 
the base of each transverse process, between the two rib-bearers. The 
foramina open almost straight backwards. 

The prezygapophyses are large elongated ovals, raised laterally 
and extended anteriorly and slightly laterally. Postzygapophyses are 
worn, but appear to have been relatively small ovals. The hyperapoph- 
ysis is low. It extends posteriorly to just beyond the posterior 
zygapophyses, ending bicipitally in finished bone. 

Transverse processes are extremely robust, elongated rods extending 
laterally and slightly posteriorly. The dorsal rib-bearers are just 
posterior of the ventral. The rib-bearers are divergent and joined by 
a web of bone for almost their entire lengths. They are expanded 
distally. The very large size and distal expansion of the transverse 
processes could be taken as indicating that the two specimens are sacral 
vertebrae. Against this are the following: 

1) . the relatively great length of the transverse processes; 

2) the relatively small foramina for the spinal nerves (usually 

enlarged in the sacrum); and 

3) both vertebrae have the same enlarged transverse processes. 
The point of attachment of the ventral rib-bearer to the centrum and 
neural arch is massive. Therefore, in conjunction with the massive 
neural arch, there is a flattened surface on either side of the midpor- 


tion of the centrum. 
DISCUSSION. Holman (1968) held that this species was related to the 


Ambystoma opacwn group of Tihen (1958) on the basis of size and 


proportions. However, Ambystoma tthent differs in having the neural 
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arch more depressed, in "obsolete" subcentral foramina, in having the 
ends of the centrum less widely flared, and in that the transverse 
processes are much more robust (see Holman 1968). There is not a 
special, or even vague, resemblance to A. opacum or A. talpotdeum, 
from which A. tthent also differs in the form of the hyperapophysis, 
Zzygapophyses, and neural crest. Association of these species in the 
same species group is probably unwarranted. 

Owing to the presence of foramina for the spinal nerves, A. tthent 
cannot be a hynobiid, although there are several other resemblances. 

It resembles A. maculatun in the structure of the hyperapophysis. 
Surprisingly, there are several resemblances to vertebrae of Plethodon, 
although those of the latter are more delicate. The overshadowing of 
the centrum by the laterally expanded neural arch, the elongation and 
primarily anteroposterior extension of the prezygapophyses, and the 
bicipital endings of the hyperapophysis are all features shared with 
Plethodon. The major difference is in the robust nature of the vertebra 
and in the large transverse processes, which are of small diameter and 
short in Plethodon. 

The fossil vertebrae show no special resemblance to any extant 
salamander and it is quite possible that they do not belong in the genus 
Ambystoma. Nevertheless, pending the discovery of further material, 
they are best retained in Ambyostoma and they may prove to be related to 


A. macrodactylum and A. gractle. 


Ambystoma gracile (Baird 1859) 
Spectmens.- One skeletonized adult (UA 14329) and one cleared and 


stained larva (UA 14418). 
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ATLAS. The Pewee cotyles are subcircular, but with flattened edges 
dorsomedially where they abut the neural canal. The articular surfaces 
are relatively flat, but they extend anteriorly onto the edge of the 
odontoid process and angle slightly posteriorly ventral to the odontoid. 
Each cotyle slopes posterodorsally, and is situated largely below the 
level of the neural canal. Each is pierced by a relatively large 
foramen for the spinal nerve. The odontoid process is wide, relatively 
short, and thin dorsoventrally. It extends anteroventrally from between 
the anterior cotyles, rather than straight forward as in the majority 
of salamanders. There is a wide groove dorsally. 

The posterior cotyle is an irregularly shaped circle with the 
ventral half narrower than the dorsal. The chordal foramen is wide and 
slightly above the centre of the cotyle. There is considerable infilling 
by calcified tissue, but the cotyle is deeply concave. The ventral 
surface of the atlas is Y-shaped, with the two anterior cotyles forming 
the arms and the centrum the stem. Hypapophyseal structures are lacking 
except for a pair of faint posterior basapophyses. 

The neural canal is large and subcircular in anterior view. There 
is a raised, roughened boss on the anterior part of the roof of the 
neural arch. The neural arch extends somewhat forward over the anterior 
cotyles. A faint ridge runs posteriorly to connect the anterior boss to 
the hyperapophysis. The tip of the latter structure is finished in 
cartilage. Two well-separated, posteriorly facing facets form the hind 
border of the hyperapophysis. Postzygapophyses are small ventral 
appendages of the hyperapophysis and roof of the neural arch. The facets 
are approximately teardrop-shaped, but with flattened posterior borders. 


The lateral edges are tilted dorsally. 
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There is no trace of transverse processes. 


SECOND CERVICAL (Tl). The centrum is small relative to the neural arch. 
The anterior cotyle is subcircular, the chordal foramen more or less 
central, and there is a notable amount of irregular calcification within 
the deep cotyle. The dorsal border of the anterior cotyle is further 
forward than is the ventral. The posterior cotyle is dorsoventrally 
compressed with the ventral border somewhat posterior of the dorsal. 
Otherwise it is as the anterior cotyle. Elongate posterior basapophyses 
are present: “These: divergesposteriorly from the middle of the centrun, 
extending to the edge of the posterior cotyle. Midcentrally a narrow 
low subcentral keel is present, continuous with the posterior basapoph- 
yses. Small subcentral foramina are present. 

The neural canal is large. In anterior view the walls of the arch 
extend dorsolaterally and the roof is gently curved dorsally. A small 
foramen pierces the wall of the neural arch anterior to each transverse 
process. There is no trace of a neural crest, the neural arch being 
smooth. The hyperapophysis rises slightly dorsally and is wide, 
finished in irregular bone and cartilage. A pair of distinct facets 
rise dorsomedially from the upper surfaces of the postzygapophyses. The 
anterior zygapophyses are forward extensions of the neural arch, and 
provided with facets in the shape of anteroposteriorly elongate ovals. 
Their disposition is.anterior and very slightly lateral. The lateral 
borders are raised. Postzygapophyses are developed as those of the 
atlas. 

Transverse processes are short and robust. The dorsal rib-bearers 


are larger than the ventral, to which they connect by a web of bone. 
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Both rib-bearers extend posterolaterally and are tilted posterodorsally 
in natSean view. The ventral rib-bearers have a wide connection with 
the centrum, forming small, but thick, alar processes. The dorsal 
rib-bearers originate on the posterior third of the walls of the neural 
arch. The rib-bearers diverge to a slight degree. A small vertebrar- 


terial canal pierces each ventral rib-bearer. 


TRUNK VERTEBRA (T9, see Fig. 7). The anterior cotyle is subcircular, 
but with the lateral diameter somewhat greater than the dorsoventral. 
The dorsal rim extends a short distance anteriorly. The posterior 
cotyle is of similar shape, but with the ventral rim extending 
posteriorly. In both, the chordal foramen is slightly dorsal in posi- 
tion and there is irregular infilling by calcified tissue. A hypapophy- 
seal keel is lacking, but anterior basapophyses are present as very 
faint ridges on the lateral edges of the centrum. 

The neural canal is wide and flattened, being of a depressed 
kidney shape in anterior view. The spinal nerve foramina pierce the 
neural arch just posterior to the origin of the ventral rib-bearers. 
There’ is no neural crest; although the roof of*the neural’ canal is 
somewhat arched. The hyperapophysis is a low, hollow, short, and wide 
spine. 

Prezygapophyses extend forward from the anterodorsal edges of the 
neural arch. The facets are large, elongate teardrops that are some- 
times truncated anteriorly. These facets are raised laterally. Post- 
zy gapophyses are somewhat smaller than the prezygapophyses, but are 


otherwise reverse images of the latter. 
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Transverse processes are short and small, extending posterolaterally. 
The rib-bearers are bicipital, but nondivergent, closely appressed, and 
separated by narrow webs of bone. The ventral rib-bearers arise from 
the dorsal part of the midcentrum and are partially incorporated into the 
walls of the neural arch. The smaller dorsal arms extend more sharply 
posteriorly from the posterior half of the neural arch, such that they 
are behind the ventral arms distally. The ventral rib-bearers are 
pierced by small vertebrarterial canals. Alar processes and subcentral 


foramina are lacking. 


SACRUM (T15). The structure of the sacrum is very like that of the 
trunk vertebrae, differing primarily in hypertrophy of the transverse 
processes. -Anterior and posterior cotyles are as in the trunk vertebrae. 
The subcentral keel and anterior basapophyses are absent and a small sub- 
central foramen pierces the ventral rib-bearer on either side of the 
centrum. 

The neural canal is low and wide, but expanded over those of the 
preceding vertebrae. A large nerve foramen pierces the neural arch 
behind each transverse process. The neural crest is absent and the 
hyperapophysis is low, robust, and short. Anterior and posterior zyg- 
apophyses are developed as in the trunk, although the latter are 
proportionally smaller than in the presacrals. 

Transverse processes originate from the neural arch dorsal to the 
midpoint of the centrum. They are bicipital, but appressed and con- 
fluent. The dorsal arms are larger than the ventral and diverge some- 


what from them. The distal tips of the rib-bearers are in a single 
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horizontal plane. A very smali vertebrarterial canal pierces each 


transverse process ventrally near to its origin from the vertebra. 


HAEMAL VERTEBRA (H3). The anterior cotyle is dorsoventrally compressed 
and the posterior is circular. The centrum is deeply amphicoelous with 
a small amount of calcified infilling and the plugged chordal foramen 
is located centrally. The haemal arch is fully developed, covering 
much of the ventral border of the centrum, but there is a deep V-shaped 
notch anteriorly. The haemal canal is narrower and higher than the 
neural canal. A pair of foramina, one significantly larger than the 
other, pierce the haemal arch, one on either side. The haemal process 
is robust and extends posteriorly a greater distance than does the 
hyperapophysis of the same vertebra. 

The neural canal is small, low, and wide. The roof of the neural 
canabiis *flat.0°A small foramen=for the spinalwnerve pierces the arch 
immediately posterior to each transverse process. There is no neural 
crest, although the roof is gently domed medially. The hyperapophysis 
is large and robust, extending posterodorsally as a hollow rod. It is 
relatively longer than those of the trunk vertebrae and tipped in 
cartilage. Posterior facets are not evident. The prezygapophyses 
extend anterolaterally a short distance beyond the neural arch. The 
facets are broad irregular teardrops, extended anterolaterally and with 
a minimal amount of dorsolateral inclination. Postzygapophyses are 
smaller irregular teardrops that extend posterolaterally. They are 
small lateral outgrowths from the neural arch and buttressed to the 


hyperapophysis by a small web of bone. 
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Transverse processes are short and unicipital, but well-formed. 
They extend laterally and slightly posteroventrally from the midpoint of 


the wall of the neural arch. 


VARIATION ALONG THE COLUMN. 1. Cotyles.- The anterior cotyle is deeply 
concave throughout the column, with the chordal foramen more or less 
centrally located. The vertebrae in association with the Renee 
girdle (T2, T3, and T4) have a dorsoventrally compressed anterior 
cotyle, as do the caudosacrals and the majority of the haemal vertebrae. 
The remainder of the anterior cotyles are subcircular. The first two 
trunk vertebrae, the presacrals, sacral, and caudosacrals have the 
dorsal rim of the anterior cotyle extending somewhat further forward 
than the ventral. 

The posterior cotyle is also deeply concave with irregular infilling. 
That of the atlas, T1-3, the presacrals, the sacrals, and the caudo- 
sacrals is a dorsoventrally compressed oval. The majority of the trunk 
vertebrae have a subcircular posterior cotyle, while that of the haemal 
series is variable. Throughout the column the ventral rim of the 
posterior cotyle extends posteriorly to a small degree. 
2. Hypapophyseal structures.- Elongate, posteriorly diverging posterior 
basapophyses are present on the atlas, Tl and T2. These become progres- 
sively more strongly developed in Tl and T2. Other trunk vertebrae, 
excepting a few in the middle of the trunk, which have elongate anterior 
basapophyseal ridges, lack basapophyses. A large larva (UA 14418), 
possibly a neotene, has well-developed, although low, posterior bas- 
apophyses.on the atlas and Tl through T3. All of the following trunk 


vertebrae, up to and including the sacrum, have well-developed anterior 
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basapophyses. Subcentral keels are not present on any of the vertebrae. 
The first haemal vertebra (the third caudosacral) bears a complete 
and well-developed haemal arch. In the adult specimen (UA 14329), the 
second haemal vertebra lacks a haemal arch, but has a pair of ridges 
present ventrolaterally on the centrum. The haemal spine curves gently 
posteroventrally from the arch to a greater distance than the hyper- } 
apophysis of the same vertebra. The haemal spine decreases in size 
posteriorly, correlated with the decrease in size of the caudal verte- 
brae. The haemal arch arises along the entire ventrolateral edges of 
the centra, except for a small gap anteriorly and (sometimes) posteriorly. 
3. Neural erest and hyperapophysis.- But for the anterior boss on the: 
atlas, a neural crest proper is lacking from the vertebrae. The hyper- 
apophysis is low, robust, and unicipital, extending only to the posterior 
border of the postzygapophyses in the trunk region. That on the sacrum, 
caudosacrals, and haemals extends a greater distance posteriorly. That 
of the haemal vertebrae extends posterodorsally at a greater angle. 
Facets are present on the posteroventral surface of the hyperapophysis 
in the atlas and Tl to T3 or T4. The hyperapophysis ends in irregularly 
calcified tissue or cartilage. 
4. Zygapophyses.- The prezygapophyseal facets of the second cervical 
are small, laterally upturned elongated teardrops. They are only slightly 
displaced anterolaterally from the anteroposterior plane. From here 
posteriorly until tire: amadié of the trunk the following changes occur: 
the prezygapophyses become less dorsolaterally tilted, the facets increase 
in size (those of T8 being about two times those of Tl), and the facets 


become slightly more anterolaterally oriented. From the midtrunk region 
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posteriorly the facets are almost horizontal, extended slightly 
anterolaterally, and undergo minor decrease in size. This decrease 
continues posteriorly throughout the caudal series. The prezygapoph- 
yses of the haemal vertebrae become foreshortened anteroposteriorly | 
and, in contrast to those of the preceding vertebrae, only extend a 
very short distance beyond the neural arch. All prezygapophyses 
eeeond dorsolaterally from the top of the neural arch. 

The posterior zygapophyses reflect the changes in the prezyg- 
apophyses. 
o. Transverse processes.- Moving posteriorly from Tl, the rib-bearers 
become progressively smaller in diameter. Up to T7 or T8 the 
ee. are relatively divergent; however, from this point on they 
remain bicipital.but are relatively closely. papeecee T7 and T8 are 
anomalous in the available skeleton, the former having a unicipital 
Emansverse process;on the.left ena a tricipital one on the right. 
T8 has a normally bicipital left transverse pooeees and a unicipital 
right. From T8 posteriorly the ventral rib-bearers are markedly 
larger than the dorsal. Finally, the first three presacrals possess 
unicipital transverse processes. The two caudosacrals have relatively 
long, laterally extending, unicipital transverse processes. From here 
posteriorly the transverse processes are progressively reduced, with 
the fourth haemal lacking all traces. 

Alar processes are lacking throughout the column, although, 
especially in the immedately postatlantal vertebrae, the ventral 
rib-bearers may be proximally dilated. Subcentral foramina are 


generally lacking. If present they are minute holes on one side or 
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the other of the centrum, piercing the ventral rib-bearer. This lack 


presumably correlates with the lack of ventral lamellae. 


Ambystoma maculatum (Shaw 1802) 
Spectmens.- Two skeletons (UA 14330, 14331) and two cleared and 


Stained specimens (UA 14420, 14421). 


ATLAS. The anterior cotyles are approximately circular, but of some- 
what greater diameter vertically than horizontally. In lateral view 
they are in the vertical plane, with the ventrolateral borders thrust 
forward. The cotyles are widely separated by a short, robust 

odontoid process, which bears part of the cotylar facets laterally. 
The posterior cotyle is subcircular, with the ventral border extending 
posteriorly. There is a small amount of uniform infilling and the 
chordal foramen is dorsal. The centrum is long in comparison to other 
Ambystoma. Posterior basapophyses are thick, low lateral ridges on 
the centrum posterior to the anterior cotyles. 

The neural canal is large and subcircular. The arch is a long, 
robust structure, its sides rising dorsomedially and uniting to form 
a-tall, .widegneural .crest.,.Onveitherseside of the neural crest is a 
ridge that runs anteroposteriorly, to flare into lateral flanges 
anteriorly. The hyperapophysis rises as an inverted V over the 
aa Ore The rear face of the hyperapophysis bears a pair 
of facets extending dorsomedially from the tops of the postzygapoph- 
yses. The zygapophyseal facets are small, elongate ovals, disposed 
anteroposteriorly and more or less horizontally. 

Atlantal transverse processes are present, but small and ribless. 


They are posterolaterally directed flanges extending from the ventral 
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part of the centrum and the neural arch to enclose a posteriorly facing 


concavity. There are no vertebrarterial canals. 


SECOND CERVICAL (Tl). The anterior cotyle is oval with the long axis 
vertical. There is a large amount of calcified tissue infilling the 
cotyle, producing a shallow concavity. The chordal foramen is central 
and the dorsal rim extends forward. The posterior cotyle is also 
oval, with much infilling, but the concavity is deeper. The cotylar 
rim is produced ventrally and the chordal foramen is wide and dorsal. 
A hypapophysis is represented by a low, median bump on the anterior 
cotyle. A pair of low, elongate posterior basapophyses is present. 

The neural canal is relatively high with the roof rounded. There 
are no foramina for the spinal nerves. The neural crest is high and 
thick, extending from the front of the neural arch to unite with the 
hyperapophysis. The hyperapophysis is high and ends bicipitally, 
completely finished in bone. The posterior surface bears a pair of 
narrow, vertical facets. Prezygapophyseal facets are oval, extended 
anteroposteriorly and slightly anterolaterally. They are more or less 
horizontal. Postzygapophyseal facets are teardrop-shaped, extend 
anteroposteriorly, a orient horizontally. 

Transverse processes are relatively long and robust, with closely 
appressed rib-bearers. The ventral arms originate just in front of 
the middle of the centrum, the dorsal from the middle of the neural 
arch. They angle posteriorly and are in a single vertical plane 
distally. There are no alar processes and relatively large verte- 


brarterial canals are present. 


TRUNK VERTEBRA (T8, see Fig. 6). The anterior cotyle is subcircular 
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with the ventral edge produced anteriorly and somewhat flattened. 
There is EBnie infilling, but the cotyle retains a deep concavity and 
a dorsal chordal foramen is present. The posterior cotyle is sub- 
circular with infilling; a ventral, posteriorly produced flange and 
a dorsal chordal foramen are present. Hypapophysis and basapophyses 
are absent. 

| The neural canal is flat and wide, being bean-shaped in anterior 
view. A small foramen for the spinal nerve is located just behind 
the dorsal arm of the transverse process on either side. The neural 
crest is thin and relatively high for an ambystomatid, beginning one 
third of the way behind the front of the neural arch. Its anterior 
face rises steeply and then continues horizontally to meet the 
hyperapophysis. This latter ends in two lateral processes and bears 
two posterior facets, each rising dorsomedially from a posterior 
zygapophysis. The prezygapophyseal facets are elongate ovals or 
teardrops, extending mainly anteroposteriorly and with the outer edges 
raised. Postzygapophyses have elongate, teardrop-shaped facets, which 
extend anteroposteriorly with the lateral edges upturned. 

The transverse processes are quite long and thin, bicipital but 
Closely appressed. The tubes forming the rib-bearers are filled with 
calcified cartilage. The transverse processes originate midverte- 
brally and are strongly swept posteriorly. They are slightly tilted 
from the vertical, such that the ventral arms are anterior of the 
dorsal. Alar processes are absent and the vertebrarterial canals are 


small. 


SACRUM. The sixteenth trunk vertebra is usually the sacral. It is 
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similar to the trunk vertebrae except as regards the large transverse 
processes, 

Anterior and posterior cotyles are subcircular with some dorso- 
ventral flattening. There is a small amount of infilling and the | 
chordal foramen is situated dorsally. The ventral rim of the posterior 
cotyle is produced slightly posteriorly. Hypapophyseal keel and 
basapophyses are absent. Small subcentral foramina are present. 

The neural canal is low, but not depressed, and wide. A large 
foramen for the spinal nerve is present just behind each transverse 
process. The roof of the neural arch is flat with a thin, medium-sized 
neural crest in the middle three obese ase The hyperapophysis is low, 
ending just behind the postzygapophyses in two robust prongs. There 
are two median facets facing posteroventrally. Prezygapophyseal 
facets are broad ovals, extending anterolaterally with the lateral 
edges raised slightly. Postzygapophyseal facets are subcircular and 
situated anteroposteriorly and somewhat posterolaterally. In rear 
view the facets are low internally and raised externally. 

Transverse processes are long and angled gently posteriorly. 
Dorsal and ventral arms have the distal ends expanded and lying in a 
single vertical plane. The transverse processes are bicipital, but 
the arms are nondivergent and appressed. There are no alar processes 


and vertebrarterial foramina are small. 


HAEMAL VERTEBRA (H3). Anterior and posterior cotyles are circular. 
In the anterior there is a significant amount of infilling to produce 
an internal rim, pierced by a large, central chordal foramen. The 


posterior cotyle has a small amount of uniform infilling and the 
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ventral border is produced posteroventrally. The chordal foramen is 
dorsally located. The haemal arch covers the posterior two thirds of 
the centrum, surrounding a large haemal canal. The haemal crest is 
small, and the haemal process ends bicipitally in two robust, diverging 
points. 

The neural canal is low, with an arched roof. A small spinal 
foramen is located just behind the dorsal arm of each transverse 
process. A low, thin netival crest occupies the posterior two thirds 
of the roof of the arch, running up the hyperapophysis. The latter is 
low and bicipital, ending in robust points, which extend behind the 
posterior zygapophyses. The posterior surface bears two small medial 
facets. Prezygapophyseal facets are oval, extended anterolaterally, 
and oriented more or less horizontally. They are situated well below 
the level of the roof of the neural arch. Postzygapophyseal facets 
are oval to teardrop-shaped, placed anteroposteriorly, and more or 
less horizontal. 

The transverse processes are short, stout, and unicipital with 
the distal ends irregular. They originate in front of the midpoint of 
the vertebra on the arch and centrum, and are strongly inclined 
posteriorly. Small anterior alar processes are present, but verte- 


brarterial foramina are lacking. 


VARIATION ALONG THE COLUMN. 1. Cotyles.- The centrum is deeply amphi- 
coelous, with a small midcentral plug separating the two hollow ence 
of the cotyles. In end view, cotyles are subcircular, the anterior one 
being somewhat flattened on the ventral border; the posterior is 


produced ventroposteriorly. The posterior cotyle of the atlas has a 


ah: noire, toleiiad — a a 
he ebeadh wet sebystiod o4e % avai: a ot 
) “co : wiH 3 pe: N55 fi i 2 

eso: Laney oT.) Lergs eters 
purer: orkut isstgiont abies aH 


le 


gnissages 


Lang ge 

Sersvutis7 Bore: Ye aes § tahiot ae wt 
wasinnyorer aiid’ ESIC FSORD: Cena ent 
“eowagnga oes 2c ip a Maile hehe a ae aia 
“mata arte (ateion seed = mere ose vo 


Rea 


2i¢ 


bags 


ese A 
fhe S87 


ix a) or @ * a 


tech Dias 


Jee hare de Stes 8 
waiead. Liew. Gaede Pe 6S | elf. EF ‘sh eR DTG aevei +9 7 


toon imeeéNdeccss ys tec> eae See ais 71> Poe Say 


rey 
- he 


-fAgias Ainadh ai pibetieg 8\T «eal oes ie splat atte nee 
“Reels MOEA iow? etd ga Lrawhyee’ ausbet jays chien a4 
= ‘aueaiad aceat . ii wn i ssleres « 


Site: Sins 


Lattaioti hee _ the 2. edi Cee & melsaseae: 


7 a ie} ti 4 


ohepgt 


wed 
J 


{ Lee 


sine" Bais hip bs bee’ areas Bri rhceett ei ime? 
iter til aged ek sienna Tele “ee teses Biss SA 


isis 


p eat ts at 


a 


zi¢f coir s eaeaas aa leet 7° ae aa: 


= he 


Sane ty 
. 
* 


“Er aaa rors paths ial yart Reese chad fe 


s@ 


‘ 


59 


ventral process that underlies the anterior cotyle of the following 
vertebra and bears two low basapophyses. The second cervical also has 
posterior basapophyses. In the trunk region further posterior, 
anterior basapophyses develop as long, low ventrolateral ridges. 

These basapophyses slightly underlap the posterior cotyle of the 
preceding vertebra. 

The cotyles of the haemal vertebrae are circular. Throughout 
the column the cotyles are filled with significant amounts of calcified 
tissue, but remain relatively deeply concave. The anterior cotyle 
tends to have more infilling and, when adjacent vertebrae are separated 
in a skeleton, the notochordal tissue almost invariably stays with the 
anterior cotyle, perhaps indicating a proto-opisthocoelous condition. 
2. Hypapophyseal structures.- A subcentral keel is absent throughout 
the column, making the centrum of hourglass shape in lateral view. 

The atlas and the first trunk vertebra often have posterior basapophyses. 
In larger specimens the vertebrae in the posterior two thirds of the 
trunk have low anterior basapophyses. 

A haemapophysis is present on the caudal vertebrae, resembling an 
inverted neural arch. The haemal arch is long, enclosing much of the 
ventral surface of the centrum. The haemal crest is developed to the 
same degree as the neural spine of the same vertebra. (Atvthe posterior 
end, the haemal arch gives rise to two laterally divergent processes. 
Although these paired processes mirror the hyperapophysis, they are 
larger and more robust. 

3. Neural crest and hyperapophysts.- The atlantal neural crest is 


robust and elongate. That of Tl begins at the anterior edge of the 
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neural arch and rises steadily to join the hyperapophysis. Throughout 
the anterior two thirds of the trunk, the neural crest is flat on top, 
extending horizontally from the hyperapophysis anteriorly. Midverte- 
brally, the crest then slopes down to the roof of the neural arch. In 
the posterior part of the trunk the crest is a thin ridge over the 
middle half of the vertebra. All but the most terminal caudals retain 
a neural crest as a small, triangular spike on the central part of the 
arch. 


The hyperapophysis is robust, but not produced posteriorly. The 


neural arch rises above the anterior part of the posterior zygapophyses, 


terminating bluntly and bicipitally. On the rear surface is a pair cf 
lateral facets, separated from each other by a median, vertical flange. 
The facets extend from the level of the postzygapophyses dorsomedially 
to the top of the hyperapophysis. In the trunk region the paired 
dorsal tips of the hyperapophysis each give rise to a small, ventrally 
directed flange of bone, which further divides the hyperapophyseal 
facets. In the posterior part of the trunk the hyperapophysis is 
lower and the facets face more ventrally. Postsacrally, the median 
flange disappears, leaving an undivided single facet on the postero- 
ventral surface of each hyperapophysis. In the haemal series, the 
hyperapophysis ends in a forked process, the two rods diverging. 
Throughout the caudal series the hyperapophysis is bicipital, but this 
Reeléessndistinct RP eeereataey In the most terminal caudals the hyper- 
apophysis disappears. 

4. Zygapophyses.- Prezygapophyseal facets of the trunk vertebrae are 


elongate and teardrop-shaped, extending anteroposteriorly with a very 
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slight anterolateral component. The facets become more oval in the 
haemal series and proceed more anterolaterally. Postzygapophyseal 
facets are inverted images of the prezygapophyses, being teardrop- 
shaped with the blunt end posterior. They extend posterolaterally 
with the lateral border tilted dorsally. Zygapophyses are present 
throughout the column until the last three or four caudal vertebrae. 
5. Transverse processes.- Small lateral flanges are sometimes present 
on the atlas, but do not bear ribs. The transverse processes of Tl 
are robust, inclined posteriorly, and distinctly bicipital with’ the 
rib-bearers appressed. Dorsal and ventral arms are in a single 
vertical plane and a small vertebrarterial canal pierces each ventral: 
arm. T2 is similar to Tl: bicipital with closely appressed 
rib-bearers, no alar processes, dorsal and ventral arms in one vertical 
plane. However, the transverse processes are angled more posteriorly. 
T3 has smaller transverse processes and the rib-bearers are slightly 
divergent distally. The transverse processes extend posteriorly at 
about the same angle as that of T2, and the arms are in one vertical 
plane. 

From T3 until the sacrum, the following trends occur: the dorsal 
and ventral arms become offset, the ventral ones being further 
anterior; the points of attachment of the transverse processes to the 
vertebra shift further posterior, until they originate midcentrally; 
the transverse ericeies become smaller and less strongly bicipital, 
the last two trunk vertebrae having unicipital transverse processes 
and sometimes lacking ribs. Alar processes are absent throughout the 
column, vertebrarterial canals are present in all trunk vertebrae, and 


subcentral foramina are lacking. 
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Postsacrally, transverse processes are reduced. In the first 
postsacral they are unicipital, attaching to the midpoint of the 
centrum and deflected slightly posteriorly. Small anterior alar 
processes are present and the vertebrarterial canals large. pithoneh 
thin, the transverse processes are about the same length as those of 
the sacrum. In the caudal vertebrae, the processes extend laterally 
and somewhat posteriorly and decrease rapidly in size moving 


posteriorly. 


Ambystoma talpotdeun (Holbrook 1838) 
Spectmens.- One skeleton (UA 14335) and one cleared and stained 


specimen (UA 14424). 


ATLAS. Anterior cotyles are widely separated and shallowly concave. 
In anterior view they are oval, with the axes extending dorsolaterally. 
In lateral view they are in the ees plane. The odontoid process 
is a wide, long projection, grooved dorsally by phe neural canal. 
There are no articulating facets on the odontoid process, but there 
is the remnant of a notochordal foramen. The general form of the 
odontoid is similar to that of Scapherpeton. The posterior cotyle is 
subcircular, but with the ventral half narrowing somewhat, and deeply 
concave. The chordal foramen is situated in the centre of the cotyle 
and a small amount of infilling is evident. A median subcentral keel 
may be present and there is a pair of posteriorly extending, spine-like 
posterior basapophyses. 

The neural canal is wide and high, bounded by thin walls later- 


ally. There is a wide, low neural crest, which is capped in cartilage. 
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A pair of rectangular surfaces rises dorsomedially from the postzyg- 
apophyses, comprising the hyperapophysis. A spinal nerve exits through 
the posterodorsal portion of each anterior cotyle. 


No transverse processes are evident. 


SECOND CERVICAL (Tl). The second cervical is a short, high vertebra. 
The anterior cotyle is subcircular, but with the ventral half somewhat 
V-shaped. There is a small amount of calcification on the inner walls 
of the deeply concave cotyle, and the chordal foramen is centrally 
s0cated, The posterior cotylée is as the; anterior. but. provided’ with 
small posterior basapophyses. There is no subcentral keel. 

The neural canal is greatly enlarged, forming an approximately 
pentagonal shape in anterior view. A small projection of bone extends 
into the neural canal from the inner wall, opposite the origin of the 
dorsal arm of each rib-bearer. Small spinal nerve foramina pierce 
the walls of the arch anterior to the: transverse Pes. The neural 
crest is a simple, low ridge extending the length of the arch and 
formed by dorsomedial extension of the neural arch. The hyperapophysis 
is very broad and somewhat elongate. ending in a cartilaginous tip. 

A facet extends dorsomedially from the top of each posterior zygapoph- 
ysis to the top of the hyperapophysis. Prezygapophyseal facets are 
teardrop-shaped and positioned anterolaterally with the lateral 

borders slightly raised. They do not extend far anteriorly and 
originate well below the top of the neural arch, which is not excavated 
between the anterior zygapophyses. The facets are slightly concave. 


Postzygapophyses have smaller, more elongate, teardrop-shaped facets. 
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These are oriented more or less anteroposteriorly, but with a minor 
posterolateral component. They are also slightly convex. 

Transverse processes are robust and relatively short, with widely 
divergent rib-bearers. The ventral arms originate just in front of | 
the midpoint of the centrum and extend straight laterally. Small 
anterior and posterior webs of bone (alars) join the proximal end of 
each arm to the centrum. The dorsal arms originate well back of the 
midpoint of the neural arch and extend slightly dorsally and posteri- 
orly. The rib-bearers are joined by a web of bone along their proximal 
two thirds. The vertebrarterial canal may be quite large or very 


small. 


TRUNK VERTEBRA (T8, see Fig. 7). Anterior and posterior:.cotyles are 
subcircular, slightly infilled, and have the chordal foramen placed 
centrally. This foramen is often incompletely plugged in smaller 
adults. There is no trace of a subcentral keel, but a pair of small, 
laterally elongate basapophyses is present. 

The neural canal is large and, from the front, shows the form of 
a laterally elongate rectangle. The foramina for the spinal nerves are 
situated as in other Ambystoma. The neural crest is simply a small 
ridge. The hyperapophysis is robust, wide, and projects posteriorly. 
Its cap is tipped in cartilage. As in other Ambystoma, the postero- 
ventral face of the hyperapophysis is provided with a pair of medially 
inclined depressions or facets. The hyperapophysis is similar to that 
of Scapherpeton in its elongation. Prezygapophyses rise anterolaterally 
and dorsally from the top of the neural arch. The facets are of 


irregular shape and large. Postzygapophyseal facets are smaller and in 
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the form of elongate teardrops, extending posterolaterally. These are 
raised along their lateral borders and are somewhat convex. 

The transverse processes are robust and short. Rib-bearers are 
widely separated and only slightly divergent.. The ventral arms extend 
posterolaterally from the midpoint of the centrum and are buttressed 
to the latter by fenestrated ventral lamellae. The dorsal arms are 
only a half or a third of the diameter of the ventral, extending 
posterolaterally and somewhat dorsally from the posterior quarter of 
the neural arch. The rib-bearers are united by a web of bone 


proximally. Vertebrarterial canals are large. 


SACRUM (T15). Excepting slight hypertrophy of the transverse processes 


and enlargement of the neural canal, the sacrum is very like the 
vertebrae immediately preceding it. Posterior and anterior cotyles 
are circular, the chordal foramen is central, and there are minor 
amounts of calcified infilling. The centrum is a thin spool of bone 
and deeply amphicoelous. There is no subcentral keel or basapophyses. 
A large subcentral foramen is present on one side or the other. 

The neural canal is high and wide, as in much of the trunk. 
However, it is notably expanded and the neural arch is pierced by a 
pair of large foramina for the sacral nerves. The walls of the arch 
curve laterally about the expanded canal. The roof is gently arched 
and provided with a faint ridge, representing the neural crest. The 
hyperapophysis is robust and produced posterodorsally, but similar in 
proportions to that of the presacrals and postsacrals. It is tipped 
in cartilage and joined to the postzygapophyses by a web of bone on 


either side, which produces a pair of posteroventrally facing facets. 
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Prezygapophyseal facets are irregularly shaped ovals, with the long 
axis of each extending anterolaterally. They extend from the top of 
the roof of the neural arch, one on each side. The roof has a 
Shallow, posteriorly directed notch between the prezygapophyses. 
Postzygapophyses have small, irregularly shaped facets, the lateral 
edges of which are upturned. The postzygapophyses are closely 
incorporated into the roof of the neural arch and the base of the 
hyperapophysis. 

The transverse processes are not greatly enlarged. The ventral 
arms originate just forward of the midpoint of the centrum and extend 
posterolaterally in the horizontal plane. The dorsal arms originate 
behind the midpoint of the neural arch and proceed posterodorsolater- 
ally. Rib-bearers are strongly bicipital and joined by a web of 
bone proximally. Very small alar struts unite the ventral arms to 


the centrum. There are small vertebrarterial canals. 


HAEMAL VERTEBRA (H3). Both anterior and posterior cotyles are sub- 
circular, with no infilling and a central chordal foramen. A thin 
notochordal plug of calcified tissue is present. The haemal arch 
arises along the length of the centrum, enclosing a large haemal 
canal. A large foramen pierces each of the walls. The haemal 
process is large and ends unicipitally, being subequal to the hyper- 
apophysis. 

The neural canal is large, the opening square in anterior view. 
A relatively large spinal nerve foramen is present in each wall of 
the arch. The neural crest is almost nonexistent, and the hyper- 


apophysis is long, robust, and ends unicipitally. Prezygapophyseal 
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facets are large and heart-shaped, with the apices facing posteriorly. 
Prezygapophyses extend out from the top of the neural arch and are 
raised dorsolaterally. Postzygapophyseal facets are small, irregular 
ellipses. They are applied on the ventrolateral sides of the eed 
apophysis, with the axes extending posterolaterally. There is 
dorsolateral inclination. 

Transverse processes are short, irregularly developed structures. 
They have a double origin: dorsally from the posteromedial portion 
of the walls of the neural arch and ventrally from the lateral walls 
of the anterior cotyle. Projections extend towards each other from 
each of these points of origin, often not meeting in the third haemal 


vertebra, but doing so in the first and second. 


VARIATION ALONG THE COLUMN. 1. Cotyles.- Cotyles are subcircular 

and the centra deeply amphicoelous throughout the column, with small 
amounts of calcified infilling. Chordal foramina are centrally 
located and plugged by a thin wall of calcified tissue. 

2. Hypapophyseal structures.- The subcentral keel is completely 
lacking, excepting a small one on the atlas in some individuals. The 
atlas, Tl, and T2 have distinct, elongate posterior basapophyses. T3 
lacks both anterior and posterior basapophyses in the sample available. 
The remainder of the trunk vertebrae have distinct anterior basapoph- 
yses, except for the immediately presacral vertebrae, which lack such 
structures. The sacrum and the two caudosacral vertebrae lack hyp- 
apophyseal structures. The remaining vertebrae have a fully developed 
haemapophysis, which comes to resemble closely an inverted neural arch, 
but lacking zygapophyses. The haemal spine ends bicipitally in much 


of the tail. 
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3. Neural crest and hyperapophysts.- The neural crest is nowhere 
strongly developed, being represented as a mere ridge on the roof of 
the neural arch throughout the postatlantal part of the column, The 
relatively robust, broad structures on the atlas may be designated the 
neural crest. 

The hyperapophysis is a robust, relatively elongate spine, similar 
to that of Scapherpeton. That of the atlas differs from those of the 
rest of the column, being robust and nonprojecting. In large speci- 
mens, the hyperapophysis of Tl and T2 ends bicipitally, but in the 
smaller adult it is formed as in the remainder of the trunk. This 
may well indicate that the hyperapophysis is modified via paedo- 
morphosis. Trunk vertebrae and the sacrum have a unicipital, robust 
spine that is tipped in cartilage and extends posterodorsally. The 
following vertebrae have a bicipitally ending hyperapophysis. In the 
most posterior caudals the hyperapophysis remains robust and posteri- 
orly projecting. Small depressions are found on the posterolateral 
border of each hyperapophysis, extending dorsomedially from the top 
of each postzygapophysis. 

4. Zygapophyses.- Prezygapophyses in Tl are irregularly shaped ovals. 
Posteriorly, the facets become progressively more elongate. The 
maximum anterolateral length occurs just behind the pectoral girdle. 
From here, ndtaite back to the sacrum, the facets become less and less 
elongate. Throughout the trunk the long axes of the prezygapophyseal 
facets extend anterolaterally. All facets tilt up at the lateral 
edges and the anterior surfaces are somewhat curved ventrally. In the 


caudosacral area the facets are as on the sacrum (q.v.). Haemal 
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vertebrae have vaguely heart-shaped facets, as described above, with 
Slight dorsolateral inclination. The roof of the neural arch is 
excavated posteriorly between the prezygapophyses, excepting in Tl 
and the more posterior haemals. Excepting Tl, the prezygapophyses 
extend out from the dorsal surface of the neural arches. 

Postzygapophyseal facets are smaller than those of the corre- 
sponding prezygapophyses. They are irregularly shaped to oval 
throughout the trunk, becoming highly irregular circles in the caudal 
vertebrae. 

5. Transverse processes.- Transverse processes are lacking from the 
aclas.. ‘Those of the isecond cervical) @1l)y are short, robust projec- 
tions extending almost straight laterally. Rib-bearers are bicipita! 
and widely separated, but there is only slight divergence. Posteriorly, 
the rib-bearers come to extend progressively more posterolaterally. 
The zone of transition comprises T2 through T4 or T5. Rib-bearers 
become progressively reduced in diameter up to the sacrum. The dorsal 
arms are invariably the smaller and, from T4 on, shorter. There is 
posterodorsal tilt in lateral view, reflecting the orientation of the 
associated myomeres. A web of bone connects the proximal two thirds 
of the rib-bearers. Large vertebrarterial canals are developed 
throughout the trunk. 

Dnietnestarst postsacral vertebra the transverse processes are 
bicipital, but with the arms closely appressed and confluent. They 
extend laterally and slightly posteriorly and are relatively long. 

A small rib articulates to each transverse process in this vertebra, 


but posterior to this ribs are lacking. The first four or so 


of 
tad 


it! fri eakteaax pains: 
sonragay reg aes 4 IT gniaiewde c 


settoxs a Fo oaks pasty 


MAS Here onitosd eat nenessorg sveonremes? me . oor 
nod hove Pauley roils ee cD) taavinge + ans eR 


CPLaNS IE LS ; 85%, ] ta a 
Chee eee Pitot 
[Repou: ant Oe: of aa) p. 
eo a uit io vos ie ar 
amy) 20 Hioizea Ros bro ; ade nik seotiow stoke terrae at cats 
abet Lek rhb, arts = Jonni at, 8 tewa” 


mn owe 


mt 


sett staeulind> bith seciabiigs cect eas wits sth , 
: ice wt aa ta gk hos eit ts aeoq x 
ae anidaziene visit te Sicilia alae ne 9 


%1 oF " Ta 
mf Al 
to i; 


i 
‘ ryt y 
ay ; 7 
nye the 
ey ten ieay Pua! 
i t in ry on A~s | _ 
sy is ¥ : 
\) . ; ad a) 2 
: re Ay ae oh ae) | a 
r A LF i Le ee 
wes) 7) Eee | Ay : 
j oy ¥ 
orl ¢ A o # 


postsacral vertebrae retain complete, unicipital transverse processes, 
which decrease progressively in length. From this point on, the 
transverse processes become highly irregular and are rapidly lost. 
Alar processes are present as small, proximal shelves of bone 
buttressing the ventral arms to the lateral walls of the centrum. 
These are best developed anteriorly (maximum in Tl), becoming 
progressively reduced posteriorly. Finally, immediately presacrally, 
they are represented by thin struts of bone on the posterior parts 
of the transverse processes. Relatively large subcentral foramina 


are present, on one side or the other, throughout the column, 


Ambystoma ttgrinum (Green 1838) 
Spectmens.- Eleven dry skeletons (UA 14336-14346) and seven cleared 
and stained specimens (UA 14426-14432). Descriptions are of young, 


postmetamorphic adults. 


ATLAS (see Fig. 8). Anterior cotyles are small concave ovals, 
elongated horizontally. Facets are vertical in lateral view and 
situated below the neural canal. The odontoid process is long, wide, 
and flat, having a broad groove dorsally, over which the spinal cord 
passes. The posterior cotyle is round, but with the ventral border 
extended posteriorly and reinforced laterally by bony thickenings. 
There is no infilling and the chordal foramen is dorsal, in smaller 
specimens piercing the odontoid process. The ventral border extends 
under the anterior cotyle of Tl. Hypapophyseal structures are limited 
to the posterior basapophyses and small, irregular subcentral 


foramina. 
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In anterior view the neural canal is oval, with the long axis 
vertical. Viewed posteriorly, it is in the shape of an inverted heart. 
The walls of the arch are robust, especially where they rise above the 
anterior cotyles. The roof is produced into a broad neural crest, ) 
which extends the length of the roof. The crest is finished in 
cartilage dorsally and the posterior part opens into a wide space, 
filled by the hyperapophyseal cartilage. A large foramen is located 
posterodorsal to the anterior cotyle on either side. Postzygapophyseal 
facets are small and teardrop-shaped, extended anteroposteriorly, and 
with the outer edges turned up. 


Transverse processes are lacking. 


SECOND CERVICAL (Tl). The anterior cotyle is teardrop-shaped, the 
posterior subcircular. Both lack infilling and there are no projec- 
tions from the cotylar rims. The centrum has a slight constriction, 
but remains notochordal well after metamorphosis in many specimens. 
A low, thick hypapophyseal ridge joins the cotyles and subcentral 
foramina are usually lacking, as are basapophyses. 

The neural canal is high and large. A large foramen for the 
exit of the spinal nerve occurs posteriorly in each wall of the neural 
arch in some specimens. More often, these foramina are incompletely 
closed off posteriorly, or lacking. There are, however, two small 
foramina that pierce the walls of the arch anterior to the transverse 
processes, one just below each prezygapophysis. The neural crest is 
a low ridge running the length of the roof of the arch, which slopes 
down on either side of the crest. _Posteriorly, the roof is raised 


into a low, wide hyperapophysis, which lacks posterior facets and is 
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capped in cartilage. Prezygapophyseal facets are anterolaterally 
positioned ovals with the lateral edges raised. They project forward 
well in advance of the anterior cotyle. Postzygapophyseal facets are 
long and teardrop-shaped, with the posterolateral edges slightly 
upturned. They extend posterolaterally. 

Transverse processes are short and robust, strongly bicipital 
with widely diverging arms. The ventral arms originate just anterior 
of the midpoint of the centrum and are angled posteriorly. The dorsal 
arms attach to the middle of the neural arch and are more strongly 
directed posteriorly. Therefore, the transverse processes are tilted 
from the vertical. Small, but distinct, ventral lamellae are present, 


and the vertebrarterial canals are large. 


TRUNK VERTEBRA, (17, see’ Fig. 9). The anterior cotyle is subcircular, 
whereas the posterior is a laterally compressed oval. Both cotyles 
lack infilling and flanges on the rims. The vertebrae are notochordal 
in smaller postmetamorphic individuals, the centrum being a thin 

spool of bone covering the notochord with a constriction midcentrally. 
Hyperapophyses and basopophyses are lacking, although larger adults 
have small anterior basapophyses, which are developed as subcircular 
bumps. There are no subcentral foramina. 

The neural canal is large and subcircular in end view. The roof 
of the neural arch is thick, sloping on either side from a median 
ridge. Small spinal nerve foramina are present, one piercing each 
wall just behind the transverse process. The hyperapophysis is a low, 
robust continuation of the roof of the arch, ending between the post- 


zygapophyses and tipped in cartilage. There are two posteroventral 
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facets, one dorsomedial to each posterior zygapophysis. Prezygapoph- 
yseal facets are elongate ovals, borne on long, narrow processes, 
which extend far anterolaterally. The anterior edges are somewhat 
raised, The prezygapophyses are buttressed to the anterior cotyle. 
Postzygapophyses project ventrally from the posterolateral borders of 
the hyperapephysis. The articular facets are diamond-shaped and 
extent posterolaterally with the internal edge dropped ventrally. 
Transverse processes are distinctly bicipital, the ventral and 
dorsal arms diverging from each other and widely separated distally. 
The ventral arms originate just anterior of the midpoint of the 
centrum to extend laterally and somewhat posteriorly. The dorsal 
arms are about half the diameter of the ventral, originating at about 
the midpoint of the neural arch, and extending posterodorsolaterally. 
In some individuals, the transverse processes are almost at right 
angles to the vertebra, but in most they sweep somewhat posteriorly. 
These latter tend to be larger individuals. The rib-bearers are 
tilted in lateral view, the ventral arms being anterior to the dorsal. 
Both arms are of approximately the same length and very short, joined 
proximally by a web of bone. Alar processes are lacking and the 


ventral arms are pierced by wide vertebrarterial canals. 


SACRUM. Both anterior and posterior cotyles are large circles, with 
no infilling, no flanges on the rims, and a large chordal foramen, 
which may or may not be plugged. There is no subcentral keel and 
basapophyses are lacking. Two large subcentral foramina are generally 
cone? but some specimens have only one, on either the right or the 


left side. 
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The neural canal is high and wide, with a gently sloping, rounded 
roof. A large foramen for the spinal nerve is present in each wall of 
the neural arch behind the transverse process. There is no neural 
crest. The hyperapophysis is low, barely rising above the level of | 
the postzygapophyses. It extends slightly posterior of the zygapoph- 
yses and ends in a pit, which is filled with cartilage in life. There 
are no hyperapophyseal facets. As in the trunk vertebrae, prezyg- 
apophyseal facets are elongate ovals, directed anterolaterally, with 
the outer edges raised slightly. Postzygapophyseal facets are 
diamond-shaped, extended posterolaterally, and more or less horizontal. 

The transverse processes are enlarged and usually bicipital with 
the distal ends of the arms expanded. Both arms originate from the 
centre of the vertebra and are oriented, one above the other, in the 
vertical plane. The angle at which the transverse processes incline 
posteriorly varies from specimen to specimen. Some are almost at 
right angles to the sacrum, others are more strongly deflected back- 
wards. However, the angles are of the same magnitude as seen in the 
preceding trunk vertebrae of the same specimen. The development of 
the bicipital condition is a function of age and size. In larval 
specimens (and neotenes) the transverse processes end unicipitally 
in a large oval. As metamorphosis and maturation proceeds, a constric- 
tion develops to cut the transverse process into two arms, which are, 
however, closely appressed. Anterior and posterior alar processes 
are variably developed, but always present. Large vertebrarterial 


canals are present. 
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HAEMAL VERTEBRA (H3). Anterior and posterior cotyles are vertically 
oval, lacking infilling, and with the rims not produced into flanges. 
The centrum is notochordal in postmetamorphic specimens. The haemal 
canal is large, with the haemal arch covering the posterior one half 
of the centrum. The haemal crest is a long, low ridge running the 
length of the arch. The haemal process is long and thick, extending 
posteroventrally and capped in cartilage. 

The neural canal is low, with the roof gently arched above. A 
medium-sized spinal nerve foramen pierces each wall of the neural arch. 
There is no neural crest and the hyperapophysis is low and wide, 
extending just behind the postzygapophyses. It is somewhat bicipital- 
and capped in cartilage. Prezygapophyseal facets are as in the trunk 
series, though smaller. Postzygapophyseal facets are diamond- to 
teardrop-shaped, and extend anteroposteriorly. They are smaller than 
those of the trunk series, being small protruberances from the lateral 
edges of the hyperapophysis. 

Transverse processes are long, thin unicipital rods originating 
just anterior of the midpoint of the centrum. They extend more or 
less at right angles from the centrum, with a slight downward tilt. 
The transverse processes are buttressed to the centrum by anterior and 
posterior alar processes, and to the neural arch by vertical alars. 


There are relatively large vertebrarterial canals. 


VARIATION ALONG THE COLUMN. 1. Cotyles.- The anterior cotyle in the 
trunk region is subcircular, but the posterior is more oval, owing to 
extension of the ventral rim of the cotyle. There is no infilling of 


calcified tissue and the vertebrae are notochordal, retaining a large 
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continuous chordal foramen, which is closed off in larger specimens. 
The cotyles of the sacral and caudosacral vertebrae may be somewhat 
flattened dorsoventrally. Those of the caudal vertebrae are vertically 
oval. | 
2. Hypapophyseal structures.- A subcentral keel is present on the 
second cervical, but absent on all other vertebrae. Owing to the lack 
of a ventral lamella, subcentral foramina are generally lacking from 
the trunk vertebrae, but are present in the sacral and caudosacral 
vertebrae. The atlas has small posterior basapophyses and the second 
cervical shows traces of these structures. Anterior basapophyses are 
not developed in postmetamorphic individuals until they reach larger 
size: 

The first caudosacral vertebra lacks hypapophyseal structures. 
On the second, however, a pair of low, thin hypapophyseal keels extends 
along the lateral edges of the centrum. The third postsacral carries 
a large, well-developed haemapophysis, being the first haemal vertebra. 
The haemal arch is a robust structure and remains present until the 
last three or so vertebrae in the tail. A low haemal crest may be 
present, the arch encloses a large haemal canal, and the walls are 
thin and pierced by a large foramen on one side or the other. 
8. Neural crest and hyperapophysts.- In the atlas a robust neural 
crest extends the length of the arch, but is finished dorsally in 
cartilage. A crest is lacking throughout the trunk region, but the 
roof of the arch slopes steeply down from the median. A small neural 
crest is sometimes present on the haemal vertebrae. 

The hyperapophysis is robust and present until the terminal 


caudal vertebrae. It is tipped in cartilage, leaving a large pit in 
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skeletal specimens. In the trunk series the hyperapophysis ends on a 
level with the posterior edges of the postzygapophyses. Viewed 
posteriorly, each shows a pair of facets. These are triangular, the 
base running from the outer edge of the postzygapophysis medially to 
the midventral hyperapophyseal ridge. In the caudosacral vertebrae 
the hyperapophysis extends beyond the postzygapophyses. In the haemal 
series it is a long, hollow tube of large diameter extending postero- 
dorsally. 


4. Zygapophyses.- Zygapophyses are constant along the trunk, changing 


only in the caudal region. Prezygapophyseal facets are elongate ovals, 


extending laterally and somewhat anteriorly. The facets are inclined 
dorsolaterally, this tilting being especially marked in the first and 
second cervicals and gradually decreasing posteriorly. In the sacrum 
facets are nearly horizontal. Postzygapophyseal facets are approxi- 
mately diamond-shaped, posterolaterally positioned, and inclined so as 
to conform to the corresponding prezygapophyses. In the caudal region 
zygapophyses are as in the trunk, but become smaller posteriorly. 
Théyearé present juntil «the final yseven sor eight’ vertebrae. 
6. Transverse processes.- Atlantal transverse processes are absent. 
Those of Tl are distinctly bicipital with divergent arms joined by a 
web of bone. The ventral arms are slightly greater in diameter than 
the dorsal, originating on the centrum anterior to the point of 
attachment of the dorsal arms. The ventral arms are at right angles 
to the centrum, the dorsal are deflected posteriorly. Posterior alar 
processes are present and traces of anterior alars may be seen, 
Posteriorly along the column, the transverse processes have the 


arms less widely divergent and smaller. Alar processes are usually 
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not present, although very small anterior alars may remain. All post- 
Sacral vertebrae have unicipital transverse processes. In the caudo- 
Sacrals the ventral lamellae are variably developed, but always 
present. The transverse processes extend laterally with a slight 
posteroventral component. In the haemals the transverse processes 

are progressively and rapidly reduced, disappearing at the sixth or 


seventh haemal vertebra. 


v) Family Proteidae Hogg 1838 
Necturus maculosus Rafinesque 1820 
Specitmens.- Six dry skeletons (UA 14347-14352) and one cleared and 


Stained specimen (UA 14433). 


ATLAS (see Fig. 10). The anterior cotyles are dorsoventrally 
flattened ovals on either side of the odontoid process and situated 
below the neural canal. In lateral view they are in the vertical 
plane and slightly concave. The odontoid process is a small, anteri- 
orly directed spike, bearing part of the condylar facet on either 
Side. The posterior cotyle is large and circular, with a small amount 
of uniform infilling. The rim is not extended and the chordal foramen 
is far dorsal. There are no hypapophyseal structures. 

The neural canal is a large AS ern lee opening in anterior 
view. Its base is the anterior cotyles, the sides are two thin struts 
rising from the centrum and merging dorsally to form the neural arch. 
There are small foramina in the neural arch, one dorsal to each of 
the anterior cotyles. Lateral flanges arise on the walls of the 


neural arch above the centrum. A low, broad neural crest runs the 
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length of the roof of the arch. The hyperapophysis is not produced 
posteriorly, but has a pair of medial facets on the posterior surface 
for the attachment of muscles. The facets of the postzygapophyses 
are teardrop-shaped and extend anteroposteriorly. The zygapophyses 
arise from the posterolateral edges of the roof of the neural arch 
and extend posteriorly. The facets are strongly tipped from the 


horizontal. 


SECOND CERVICAL (T1). The anterior cotyle is large and subcircular, 
with a small amount of uniform infilling. The chordal foramen is 
Situated dorsally. The posterior cotyle is large, circular with no 
flanges on the rim, and with some calcified infilling. The chordal 
foramen is dorsal and the centrum is deeply amphicoelous. Two thick, 
parallel subcentral keels join the anterior and posterior cotyles. 
These have a horizontal ventral border. Subcentral foramina are 
absent, as are basapophyses. | 

The neural canal is relatively large and high, with a flat, 
narrow roof. There is a small internal flange on each wall of the 
neural arch just above the centrum. No spinal nerve foramina are 
present. A low neural crest occupies the middle three quarters of 
the roof. The hyperapophysis is low and extends posterior of the 
postzygapophyses. In one specimen the process ends bicipitally. Pre- 
zygapophyseal facets are irregular ovals, extending primarily antero- 
posteriorly, but with a slight anterolateral component. The lateral 
edges are strongly inclined, so as to correspond with the atlantal 
postzygapophyses. Postzygapophyseal facets are oval- to teardrop- 
shaped, positioned anteroposteriorly with the internal edges turned 


down. 
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The rib-bearers are long robust processes, bicipital but with the 
arms not diverging. An accessory flange extends dorsally along the 
length of each dorsal arm. The transverse processes originate just 
posterior of the midcentrum, at the posterior border of the neural 
arch and are swept posteriorly at a relatively steep angle. The 
ventral and dorsal arms are in the same vertical plane. Small first 
alar processes are present; the others are not developed. A small 
vertebrarterial canal pierces each transverse process dorsal to the 


alar process. 


TRUNK VERTEBRA (see Fig. 12). Anterior and posterior cotyles are 
large and subcircular. They lack calcified infilling and the chordal 
foramen is situated dorsally. Flanges are lacking from the posterior 
cotyle. A small subcentral keel extends almost to the ends of the 
cotyles and two subcentral foramina are usually present. Basapophyses 
are lacking. 

The. neural canal<is) not depressed ,) but the roof. is flat. 
Foramina for the spinal nerves are absent. The neural crest is a low, 
narrow ridge running the length of the neural arch to the hyperapoph- 
ysis. The hyperapophysis is a low, long tube extending to, or beyond, 
the level of the postzygapophyses. There are no facets on the hyper- 
apophysis. Prezygapophyseal facets are oval, extended anteroposteri- 
orly and slightly anterolaterally, and with the lateral edges slightly 
inclined. Postzygapophyseal facets are teardrop-shaped, positioned 
anteroposteriorly, and with the lateral edges also inclined. 

Transverse processes are relatively long and bicipital with 


slightly diverging arms. The transverse processes originate just 
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posterior of the vertebral midpoint, extend posterolaterally, and are 
tilted from the vertical. The ventral arms are hollow tubes, the 
dorsal small, solid rods. The ventral lamellae are well-developed and 


small vertebrarterial canals are present. 


SACRUM (T20). Excepting the large transverse processes, which bear 
the pelvic girdle, the sacral vertebra closely resembles the trunk 
vertebrae. Anterior and posterior cotyles are subcircular, lacking 
infilling, and have the chordal foramen located somewhat dorsally. 
Hypapophyses and basapophyses are lacking. A pair of subcentral 
foramina is generally found just behind the midcentral region. 

The neural canal is high and broad. The roof of the arch is 
flattened and there are no foramina for spinal nerves. The neural 
crest is a low, narrow ridge, found over the hyperapophysis. The 
latter is a long, thin, hollow tube extending horizontally and poste- 
riorly beyond the posterior zygapophyses. Prezygapophyseal facets are 
broad teardrops, extended anterolaterally with the outer edges 
slightly upturned. Postzygapophyseal facets are small, irregular 
diamonds, positioned anteroposteriorly. The facets are slightly 
inclined from the horizontal. 

Transverse processes are long and robust, bicipital with slightly 
diverging arms, which are joined by a web of bone. The processes 
originate just behind the midpoint of the vertebra and are angled 
gently posteriorly. Dorsal and ventral arms are large, hollow 
cylinders, disposed in the vertical plane. There is a well-developed, 
but small, ventral lamella on each transverse process. Small verte- 


brarterial canals are present. 
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HAEMAL VERTEBRA (H3). Anterior and posterior cotyles are large and 
subcircular. There is no infilling and the chordal foramen is centrally 
located. The canal of the haemal arch is narrow and deep. Only the 
posterior third is arched. There is no haemal crest and the haemal 
process is a long, thin tube directed posteroventrally. 

The neural canal is high and narrow with the roof of the arch 
curved above. There are no spinal nerve foramina, and the neural 
erest™is “racking. Shite hyperapophysis is a long, thin tube directed 
posterodorsally and lacking facets. Prezygapophyseal facets are 
elongate ovals, positioned anteroposteriorly, and inclined from the 
horizontal. Postzygapophyses are often lacking from this haemal. 

Transverse processes are variably developed on the third haemal 
vertebra. They may be absent, present on one side, or present on both 
sides. The transverse processes rapidly decrease in size through the 
haemal series, only being present on the first three or four. The 
processes are short and unicipital, originating midcentrally, and 
angled slightly posteriorly. Dorsal, ventral, anterior, and posterior 
alar processes buttress ‘the transverse processes tothe vertebra. 
_Vertebrarterial sduyd ave well-developed in the first two or so 


haemal vertebrae, but disappear subsequently. 


VARIATION ALONG THE COLUMN. 1. Cotyles.- Cotyles are of constant 
development along the column, being circular to subcircular in outline. 
There is a small amount of infilling in the anterior part of the trunk, 
especially in larger specimens, but this does not make the cotyles 
shallower. The chordal foramen is dorsally located in each trunk 


vertebra, but is more central in the caudal series. Flanges are not 


beh ite! ota etna! Mm ene 
witerr tees 2) paca? ieticets. eft bel 
Bath ele Ngee) line’ woken: at dove as 


fenernd eis Fae TI2K9 feauad- or ih Oe 


" ie i. 
leg Say My hs atyad 3 if it @ wat i. & 


Aes ee hey at 
se aed  ibeeeoTl bith 
ac fg: Gide wost. bo Ae 
(epi! 


fiona?) She ae S28 SUF cna 


pit nip #0, oan, Ree eee us bail ae 


bis NOLS eee ow 289 


tolrsteig’ hats arn , kage, 


ees 


an: bey, het hatte’ ‘af ite tage 


Fass $6: hee atti re asia a 

| see S90 9 aa duacehodae iu i Hee 

im “date ‘sia’ Xo Shed obsess nike nh “a 
te POR a2) Ais pie ‘whol cha: “a 
seatee 


er Wigs wt horeaat ehierrohe bi 
“368 we anet?: aig tatinas ody 


present on any of the cotyles. The notochord is interrupted by a 
midcentral plug throughout the column. 

2. Hypapophyseal structures.- There is no hypapophysis on the atlas, 
but Tl possesses a robust subcentral keel, divided medially by a 
longitudinal depression. A single heavy keel is present on T2. From 
this point posteriorly there is constant development of the hyper- 
apophysis. In the trunk region it is dorsally concave in lateral 
view and does not extend to the ends of the cotyles. In the presacral 
vertebrae the extent of the hyperapophysis is reduced, and it is 
lacking from the sacrum. Posterior to the sacrum the hypapophysis is 
replaced by a haemal arch, which comes to be a ventral image of the 
neural arch. 

Basapophyses are not present. 

3. Neural crest and hyperapophysts.- The neural crest is best 
developed in the anterior part of the column. It often shows maximum 
extent on the atlas, with a progressive decrease posteriorly. | A trace 
remains until the haemal series is reached. The crest extends the 
length of the roof in the atlas and Tl. However, the anterior extent 
of the crest is reduced posteriorly. Through much of the trunk series 
a crest is present only on the posterior half of the roof and over the 
hyperapophysis. 

The atlas lacks a hyperapophysis, but one is present on all subse- 
quent vartebrae until the haemals are reached. In the atlas, the 
posterior part of the neural arch bears two facets, which face posteri- 
orly and serve for the attachment of muscles. The hyperapophysis is 


present on the postatlantal vertebrae and facets are lacking. In some 
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specimens the Aaerabophyeis of Tl ends bicipitally, but more often 

in this vertebra and the ones following the process is a unicipital 
tube. The hyperapophysis is dorsally inclined in the anterior part . 
of the column. Posteriorly, it becomes lower and extended more 
directly posterior, especially in the last two trunk vertebrae and 
sacrum. The hyperapophysis extends slightly behind the postzyg- 
apophyses in most of the column, but becomes longer in the posterior 
region of the trunk and greatly extended in the caudal series. 

4. Transverse processes.- A small flange extends posterolaterally 
from the posterodorsal part of each anterior cotyle of the atlas. Tl 
has a well-developed, distinctly bicipital transverse process on each 
Side. “Except fora trace of the posterior” alar processes ; ventral 
lamellae are not developed. In the second trunk vertebra the anterior 
alar processes are represented by small ridges on the ventral arms of 
the transverse processes. The dorsal arms are hollow tubes with 
thick accessory flanges along their dorsal edges. Posteriorly, the 
dorsal arms are suppressed, although they reappear on the sacrum. The 
ventral arms remain tubular, and a vertical flange rises from each to 
join an accessory flange from the roof of the neural arch. 

Transverse processes are tipped from the vertical, such that the 
dorsal edges are further posterior than the ventral. In the posterior 
part of the trunk the rib-bearers are more closely appressed, The 
ventral lamellae are well-developed throughout the column, except for 
the haemal series, reaching a maximum extent in the caudosacrals and 


posterior presacrals. 


In the caudosacrals the dorsal flanges and arms are lacking from 


the transverse processes, leaving the ventral arms and dorsal ridges 
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of bone. The ventral lamellae are present until the third or fourth 
haemal vertebra. On or about the fourth haemal the transverse 
processes disappear. 

5. Zygapophyses.- Prezygapophyses are anterolaterally disposed 
throughout the column and the lateral edges are deflected dorsally. 
The facets are oval to teardrop-shaped. Postzygapophyseal facets are 
oval or irregular and extend posterolaterally. The articulating sur- 
faces are largely horizontal, excepting those of the atlas, but with 
a slight dorsal deflection of the lateral edge. 

In the trunk the zygapophyses are relatively widely separated, 
imparting an hourglass shape to the vertebra in dorsal view. This 
separation is reduced in the last trunk vertebra and in the sacral, 
with the trend continuing posteriorly. Zygapophyses are rapidly 
reduced in size in the haemal series, disappearing in the fourth or 


fifth haemal vertebra. 


vi) Family Plethodontidae Gray 1850 
Plethodon jordant Blatchley 1901 
Specimens.- Three dry skeletons (UA 14353-14355) and one cleared and 


stained specimen (UA 14434). 


ATLAS. The atlas is finely formed and delicate. Anterior cotyles 
resemble dorsoventrally elongate beans, convex laterally, and 
flattened medially. They extend somewhat below the neural canal. 
There is posterodorsal inclination in lateral view and the articular 
surfaces are flattened. The odontoid process is a long, wide projec- 


tion formed of thin bone. A tall, thin plate rises from the base of 
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each anterior cotyle to half of the latter's height. These face later- 
ally and somewhat ventrally, so as to form facets for articulation with 
the occipital condyles of the skull. The odontoid forms a ventral 
cup-like structure over which the spinal cord passes. The posterior 
cotyle is subcircular and deeply concave, with a moderate amount of 
infilling anteriorly. The ventral border extends posteriorly and, in 
larger specimens, traces of posterior basapophyses are present. No 
other hypapophyseal structures are evident. Subcentral foramina are 
present, but small and irregularly spaced. 

The neural canal is large and higher than wide. The neural arch 
is thin and gently convex laterally. Two relatively large foramina, 
one behind each anterior cotyle, provide ‘exits for spinal nerves. The 
roof of the arch is gently swollen and projects anteriorly above the 
odontoid process. A wide, low neural crest, which is finished dorsally 
in cartilage, runs most of the length of the roof. The hyperapophysis 
is low and excavated between the posterior zygapophyses. A pair of 
low, medially merging ridges extends anteriorly from the top of each 
postzygapophysis. These form a low aliform process. Postzygapophyseal 
facets are small, elongate teardrops, which are raised posteriorly and 
laterally. 


Transverse processes are lacking. 


SECOND CERVICAL (Tl). The anterior cotyle is small and teardrop-shaped, 
with a moderate amount of infilling. The posterior cotyle is larger 

and slightly compressed dorsoventrally. The centrum is deeply amphi- 
coelous. Subcentral foramina are lacking and, excepting small posterior 


basapophyses, hypapophyseal structures are absent. 
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The neural canal is large, the walls of the arch being expanded 
laterally beyond the centrum. The roof of the arch is expanded, with 
a well-developed neural crest running along the midportion, but not 
reaching to the anterior of the arch or to the hyperapophysis. The 
latter is a gently raised structure similar to that of Triturus 
ertstatus. It forms a raised dome between the postzygapophyses. The 
neural arch is pierced by small foramina in front of the rib-bearers. 
Prezygapophyseal facets are greatly elongate, narrow structures 
projecting for half their length beyond the neural arch. The facets 
are pointed anteriorly and posteriorly and are gently, but distinctly, 
“raised laterally. Postzygapophyseal facets are also elongated, but 
with the posterior part wider than the anterior. This produces an 
irregular teardrop, but with the rear edge being more angular (i.e., 
diamond-shaped). The postzygapophyses project behind the hyper- 
apophysis. 

Transverse processes are small with delicate but widely separated 
rib-bearers, which are connected by bone for their proximal one half. 
Dorsal and ventral arms are of subequal diameter, extending postero- 
laterally at the same angle, but with the ventral arms anterior to the 
dorsal. The dorsal rib-bearers are longer than the ventral. Large 
ventral lamellae are developed at the base of the ventral rib-bearers, 
producing a flat surface on the underside of the vertebra. The ventral 
lamellae are closely associated with the expanded walls of the neural 


arch. 


TRUNK VERTEBRA (T8, see Fig. 14). The centrum is deeply amphicoelous. 


The anterior cotyle is subcircular, but with the dorsal rim flattened, 
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and there is a ee amount of irregular infilling. The posterior 
cotyle is larger and distinctly wider than high. There is slight 
infilling. Subcentral foramina are lacking and there is no subcentral 
keel, the base of the centrum being concave dorsally. Posterior bas- 
apophyses are usually developed. They are elongate and situated on 
the lateral edges of the posterior cotyle. 

The neural canal is large and significantly wider than high. The 
walls of the arch extend laterally beyond the edges of the centrum. 
The roof of the arch is gently swollen, with a low, peaked neural crest 
located in the second one quarter of the roof from the front. The 
hyperapophysis is low and ends in a pair of short, blunt posterior 
projections. These do not extend beyond the posterior zygapophyses 
and are fully finished bone. Foramina for spinal nerves pierce the 
neural arch, one on either side just posterior to the transverse 
processes. Prezygapophyses are elongate, narrow facets that do not 
extend far beyond the roof of the neural arch. They are widest 
anteriorly and gently inclined laterally. Postzygapophyses are more 
symmetrical, elongate teardrops, with the narrow point extending 
anteriorly. The articular surface is gently concave dorsally. 

The transverse processes are small and short, bicipital structures 
extending laterally and posteriorly. The ventral arms are of greater 
diameter than the dorsal, which extend upwards as well as postero- 
laterally. There is little webbing, the rib-bearers being free for 
almost the entire length. There are no ventral lamellae. A small 
vertebrarterial canal pierces each ventral rib-bearer and is underlain 


Only by a thin strut of bone. 
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SACRUM. The tyally is in the region of T18, but may occur on T17 or 
719.” Its anterior cotyle is*subcircular, but irregularity in shape is 
common. The larger posterior cotyle is somewhat wider than high. The 
centrum is deeply amphicoelous with irregular infilling by calcified 
tissue near the chordal foramen. Subcentral foramina are usually 
lacking, but, if present, they are irregular. There is no subcentral 
keel and basapophyses are absent. 

The neural canal is large and slightly wider than high. The walls 
of the neural arch bulge laterally beyond the centrum. The roof of the 
arch is flat and supports a low, indistinct crest. The crest is longer, 
but not significantly higher, in larger individuals. The low, short 
bicipital hyperapophysis rises gently posteriorly from between the 
postzygapophyses. Spinal nerve foramina are large holes, one on either 
side, located just posterior to the origin of the transverse processes 
and facing posterolaterally. Prezygapophyseal facets are wider than 
those of. the midtrunk region. They are teardrop-shaped and directed 
anteriorly and slightly laterally. Their anterior extent is only about 
one third of their total length past the front of the neural arch, which 
is not excavated errr between the zygapophyses. There is slight 
dorsolateral inclination. The postzygapophyses are proportionally 
even broader than are the anterior. They are irregularly shaped tear- 
drops, slightly upturned laterally and dorsally concave. 

Transverse processes are robust with rib-bearers of large diameter. 
They extend laterally and somewhat posteriorly, with the dorsal arms 
Situated behind the ventral. The ventral arms are in the horizontal 


Plane, whereas the dorsal ones extend dorsolaterally. The ventral arms 


ee ee ea 
wi senda ak: co Srmlaigare Peedi: be im 


ate) ee wade afi’ ee TE 


Sow tds (otek ne 
he re 
att pe Ga? ean 7 
= 


‘+ jranaatod mowl “Proseaa om, esi euikae ¥ erate 
cerieia no Gna: eo Rod! optteth.ome ant ieee: ss vine aii 


poezesond) gethvans ty: alt Sy wipe eyitt ot at 


suns YOR Re ee 2heses ooreenegnantl | 


Tisedas Ys 


~hiuer Batesth ciiabiieulan éo8 roe seobtet ate vith 
i per ybensitoke sae ‘ 
weidieth iret So einad-elax: dea pal 
ne isertoly ail tien de reel me 


90 


are dorsoventrally flattened distally, but the dorsal ones are more 
circular. Strictly speaking, ventral lamellae are not present. However, 
Owing to the lateral spread of the neural arch and the buttressing of 
the ventral rib-bearers to the rest of the vertebra, the ventral surface 


on either side of the centrum is wide and flattened. 


HAEMAL VERTEBRA (H3). Both anterior and posterior cotyles are deeply 
concave with a moderated amount of dense calcified infilling. The 
anterior cotyle is wider than high, with the dorsal border produced 
anteriorly. The posterior cotyle is subcircular, its ventral border 
slightly posterior of the dorsal. The haemal arch runs the length of 
the centrum. Its canal is small, appearing circular in anterior view. 
There are two low lateral crests on the arch and a well-developed haemal 
crest, which is, however, not produced ventrally. Posteriorly the 
haemal arch extends ventrally, producing a haemal process. A large 
foramen often pierces one side or the other of the haemal arch. 

The neural canal is depressed, but relatively large. The neural 
arch is gently expanded above, with a distinctly raised crest occupying 
ghe second anterior one quarter. The rear of the arch is low, the 
hyperapophysis consisting of a pair of widely divergent, indistinct 
dorsal ridges. The spinal nerve foramina are small and located at the 
dorsal edge of the wall of the neural arch, immediately behind each 
transverse process. Prezygapophyses are relatively large, extending 
well lateral and anterior to the arch. Facets are wide anteriorly and 
- then gently tapering for the posterior third. There is slight dorso- 
lateral inclination. Postzygapophyses are relatively smaller and less 
elongate than the prezygapophyses, although still of greater distance 


anteroposteriorly than lateromedially. 
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Transverse processes are unicipital, elongate, thin, and postero- 


laterally directed. 


VARIATION ALONG THE COLUMN. i. Cotyles.- The anterior cotyle of Tl is 
slightly teardrop-shaped. That of the next six or seven vertebrae is 
subcircular. Throughout the remainder of the trunk, up to and including 
the sacrum, the anterior cotyle is slightly wider than Hien This is 
especially marked in larger specimens. The anterior cotyle of the first 
caudosacral is circular, that of the second is laterally elongate, as 

is that of the first few haemals. In the haemal series the dorsal rim 
of the anterior cotyle is set further forward than the ventral. 

The posterior cotyle is of greater diameter than is the anterior 
one of the same vertebra (? pro-opisthocoely), but it otherwise more or 
less mirrors the form of the articulating anterior cotyle. Infilling is 
minimal in the trunk region, being perhaps more pronounced in the anterior 
cotyles. The caudosacrals and first few haemals have significantly more 
infilling of both cotyles. 

2. Hypapophyseal structures.- A subcentral keel is completely lacking. 
Faint, relatively elongate lateral ridges are present on the posterior 
part of the centrum in the trunk vertebrae. However, these posterior 
basapophyses are not seen in some specimens, especially, but not neces- 
sarily, in smaller individuals. The third postsacral vertebra bears the 
first haemal arch. This arch fails to extend anteriorly for the entire 
length of the centrum and lacks haemal and lateral crests. The second 
haemal vertebra is transitional between this and the fully developed 
condition (see above). The haemal arch is of constant development along 
the caudal series. The haemal crest is larger than the neural crest of 


any given vertebra. 
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3. Neural crest and hyperapophysts.- The neural crest is present on the 
atlas as a low, long boss. In vertebrae of the pectoral region (Tl and 
T2) the crest is relatively long and high. From here posteriorly, the 
crest becomes progressively shorter and lower. In the post-pectoral | 
region the crests are peaked dorsally. In the six or seven vertebrae 
anterior to the sacrum the neural crest is a low ridge on the anterior 
part of the arch. From the caudosacral vertebrae posteriorly there is a 
gradual increase in relative height and length of the crest. 

The hyperapophysis is a relatively low structure terminating in two 
posterior projections. In the forward part of the trunk it is weakly 
_bicipital.. The haemal vertebrae, however, have a distinctly and widely 
bicipital, although short and low, hyperapophysis. 

4. Zygapophyses.- Prezygapophyses of the pectoral area (Tl to T3) are 
elongate, tapering anteriorly and posteriorly, and raised laterally to 

a significant degree. The facets extend well forward of the neural arch, 
which is, however, not excavated between them. They are aligned antero- 
posteriorly. Behind the pectoral area, the facets become progressively 
broader, but retain a primarily anteroposterior position. Presacrals, 
sacrals, and caudosacrals have less elongate facets. There is a distinct 
anterolateral extension and the lateral edges are markedly inclined 
dorsally. In the haemal vertebrae the prezygapophyses are proportion- 
ally enlarged, flaring laterally and anteriorly from the neural arch. 

Postzygapophyses are smaller than the corresponding prezygapophyses, 
and tend to be shorter and broader. 

5. Transverse processes.- There is no trace of transverse processes on 


the atlas. Their development throughout the trunk region is relatively 
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constant. They are distinctly bicipital with well-separated rib-bearers. 


The latter are short and very thin, extending posterolaterally from the 
neural arch. The dorsal arms are set posterior of the ventral, causing 
each transverse process to be tilted. The transverse processes are 
constantly developed along the trunk, until the first two or so pre- 
sacrals, which have reduced transverse processes. The first presacral 
often lacks dorsal rib-bearers and ribs are absent. 

The transverse processes of the postsacral region are elongate, 
unicipital, and directed posterolaterally. There is no discontinuity 
in the form of the transverse processes between the caudosacrals and 
| haemals; they simply become gradually shorter and finally all but 


disappear. 


Desmognathus fuscus (Rafinesque 1820) 
Spectmens.- Three dry skeletons (UA 14360-14362) and two cleared and 


stained specimens (UA 14449, 14450). 


ATLAS (see Fig. 15). In anterior view the atlas appears as three 
circles: the central, dorsal circle is the neural canal and, to each 
side and slightly ventral, are the paired anterior cotyles. The latter 
are deep fossae for articulation with the occipital condyles of the 
skull. An odontoid process is lacking, except as a thin flange 
extending between the cotyles. Just dorsal to this, on the medial side 
Sieeach cotyle, is a pair of small, anteriorly directed, bony spikes- 
The centrum is only developed in the posterior half of the atlas. It 
is angled ventrally below the level of the anterior cotyles, giving the 


appearance of being an appendage of the latter. The posterior cotyle 
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is circular and filled anteriorly with calcified cartilage, which leaves 
a efeii rim to surround the condyle of the second cervical. There are 
two well-developed posterior basapophyses. 

The roof of the neural arch extends straight back from the top of 
the anterior cotyles and then rises smoothly to its posterior border. 
The roof is flat and the neural crest is weakly developed or lacking. 
The walls of the arch are formed by the dorsally extending anterior 
cotyles. Inside the arch two small flanges are present just above the 
centrum. A small foramen pierces each anterior cotyle posteriorly. The 
neural arch is robust, wide, and very high in the hyperapophyseal region, 
where there is a posteriorly facing pair of facets. Above the postzyg- 
apophyses are laterally expanded flanges, which run dorsally along the 
side of the neural arch. In posterior view the hyperapophysis forms an 
extensive area for the insertion of muscles, with the lateral flanges 
above the postzygapophyses further increasing the area. The posterior 
zygapophyses are small, roughly triangular in shape and strongly raised 
laterally. The facets are weakly convex. 


There are no transverse processes. 


SECOND CERVICAL (Tl). Tl is robust, notably more sturdy and broader 

than the following trunk vertebra. There is a hemispherical, robust 
anterior condyle that fits into the atlantal cotyle. The large posterior 
cotyle is a laterally elongate oval, with infilling anteriorly to form a 
shallow cup. The ventral rim is not posteriorly extended and the dorsal 
rim is slightly excavated anteriorly. A robust projection. extends 
ventrally and somewhat anteriorly from behind the condyle. This fits 


between the posteriorly projecting basapophyses of the atlas. Large, 
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laterally and posteriorly expanded, posterior basapophyses are present. 
There are two small subcentral foramina and, excepting the single 
anterior flange, there is no subcentral keel, the centrum being excavated 
dorsally. 

The neural canal is large and approximately diamond-shaped in 
anterior view, with the roof sloping relatively steeply above. The 
roof projects anteriorly between the prezygapophyses. A small foramen 
pierces each wall of the neural arch, just posterior to the prezyg- 
apophyses. The arch is expanded laterally past the centrum. A 
well-developed, high neural crest extends almost the entire length of 
the roof of the arch. The rear of the arch rises steeply between the 
postzygapophyses, to produce a high, wide hyperapophysis with a 
posteriorly facing area for the insertion of trunk musculature. A 
large, long pterygapophysis (see Wake 1966) extends posterolatero- 
dorsally from the surface of each postzygapophysis. Prezygapophyses 
are not greatly offset from the neural arch, but extend anterolaterally 
a short distance beyond the arch. The facets are of irregular teardrop 
shape and broad anteriorly. They are notably anteroventrally tipped 
and slightly raised laterally. Prezygapophyses are widely separated 
and originate below the roof of the arch. Postzygapophyses are vaguely 
teardrop-shaped, situated nearly horizontally, and widely separated. 

Transverse processes are elongate, robust structures originating 
solely from the walls of the neural arch. They are distinctly bicipital 
with the arms joined by a bony web. Dorsal and ventral arms are ina 
Single vertical plane, with the ventral arms extending posterolaterally 


and, for their distal half, slightly dorsally. Dorsal arms proceed 
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posterodorsolaterally and are of greater diameter than the ventral. A 
large, ventrally flattened, ventral lamella is present on either side 
of the centrum and a large, circular vertebrarterial canal pierces each 


ventral rib-bearer. 


TRUNK VERTEBRA (T8, see Fig. 16). A well-developed anterior condyle is 
cent formed of calcified cartilage. It is in the form of a ball, 
but with a vertical depression anteriorly and a small chordal foramen. 
The posterior cotyle is shallow, dorsoventrally compressed, and with 
the body of the centrum filled with calcified cartilage so as to produce 
a flat anterior and internal surface. The tissue is pierced by a very 
small chordal foramen. Plate-like posterior basapophyses extend 
posterior to the cotyle. A single, medial hypapophysis is situated 
just behind the condyle. The centrum is deeply concave dorsally in the 
midportion and lacks other projections ventrally. 

The neural canal is large, bean-shaped in anterior view, and with 
the roof of the arch gently rounded above. The walls of the arch 
extend lateral to the centrum and are pierced by a spinal nerve foramen, 
facing posterolaterally, immediately behind each dorsal rib-bearer. A 
small, low neural crest occupies the roof of the arch at the level of 
the attachments of the transverse processes. The hyperapophysis is a 
direct continuation of the roof of the arch, extending posterodorsally 
to end bicipitally in two distinct processes, which extend behind the 
postzygapophyses. Small, but distinct, pterygapophyses are present. 
Prezygapophyseal facets are oval, but with flattened medial borders. 
They extend anterolaterally from below the top of the roof of the arch, 


to barely in front of the anterior condyle. They are relatively widely 
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Separated. Postzygapophyses are elongate teardrops, slightly raised 
laterally, and with the articular surfaces somewhat concave. 

The transverse processes are distinctly bicipital, the dorsal and 
ventral arms originating on the neural arch just posterior to the 
postzygapophyses. The dorsal arms are somewhat behind the ventral, 
extending posterodorsolaterally, while the ventral proceed postero- 
ventrolaterally. The arms are joined by bone proximally and are 
well-separated distally. The ventral arms bear anterior projections 
on the distal thirds, these being reduced from the condition further 
forward along the colum. Proximally the ventral arms expand into 
| heavy ventral lamellae, which are pierced by subcentral foramina. 


There is a large vertebrarterial canal through each transverse process. 


SACRUM (T16). The condyle is robust, with a deep, wide vertical groove 
anteriorly. It is circular except for a flattened dorsal edge. A 
small chordal foramen is retained. The posterior cotyle is a laterally 
elongate oval with a flattened dorsal rim. It is significantly deeper 
than those of the anterior trunk vertebrae, but is still provided with 
anterior infilling. There is no hypapophyseal keel and no posterior 
basapophyses, but laterally displaced subcentral foramina are present. 
The neural arch is large and wide, appearing bean-shaped in anterior 
view. The roof is gently domed and the walls of the arch are laterally 
expanded. Spinal nerve foramina are large, each extending postero- 
laterally through a channel in the transverse process. A low neural 
crest is situated anteriorly and the hyperapophysis rises gently 
posterodorsally and ends bicipitally in two widely separated projections. 


There is no trace of pterygapophyses. Prezygapophyseal facets are large 
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irregular ovals, which are strongly raised laterally. They extend 
patero arena ly and are well lateral and somewhat anterior to the neural 
arch. Postzygapophyses are much smaller, irregular ovals or teardrops 
with pronounced dorsolateral inclination. They are shallowly ener 
dorsally. 

Transverse processes are expanded, the arms greatly enlarged 
distally, slightly divergent, and joined by bone along their lengths. 
They arise from the neural arch, the dorsal arms well posterior of the 
ventral, thus producing deflected transverse processes. Ventral arms 
extend posterolaterally, the dorsal posterodorsolaterally. A large 
ventral lamella is present on each ventral rib-bearer and there is a 
small vertebrarterial canal. The centrum is small midvertebrally, 
the centre being dish-shaped in ventral view, owing to this and to the 


conformation of the ventral lamellae. 


HAEMAL VERTEBRA (H3). The opisthocoelous condition is well-developed, 
as in the trunk vertebrae. The condyle resembles that of a newt, being 
of greater anterior extent dorsally than ventrally. The posterior 
cotyle is a laterally elongate oval. The haemal arch is well-developed, 
extending the length of the centrum posterior to the condyle. The arch 
is low, but sends out a long, bicipital haemal process. This is 
distinctly larger and much longer than the hyperapophysis of the same 
vertebra, extending posteriorly and, especially, ventrally. A long, 
deep, and thin haemal crest is present, expanded ventrally in the 
anterior part. This also recalls the condition in newts. 

The neural crest is minute and the hyperapophysis rises postero- 


dorsally a slight distance and ends bicipitally. Anterior and posterior 


é paniog yum? .yiiesetal hockey 
baaent ‘ett: O7/, So busses. Tare atoe Hie, 
acoudndat xe 2tevo me lapeent ott ae 


3 } i i oat aie ree ny 
spaphes Ui iad gee welt ae RRs 


ae 


ers Lay . e | 232A rtf Seng rete Spal 9 nt 
at Sucratetoouabound a nave ‘altemsate, 


pki e bach ‘bd. ee ee Kapa i mie + mt reese gn 


sg Mb ‘a Ronee is 
LH peravong Laer a 


es 
cay d a a Fs eel a hid, Rae! 
weiabt ee Feb IEE 2} <att an rh 
’ ! T; a er ; ’ a Med) i 
pier ¢.) aati 


(aera teey acete/ 2 ies 
} 


i te) spitetaag bis to rag hi: Ne 


= 


sa, as f 


be ie ee ‘ast ' a 


99 


zygapophyses are well-developed, elongate, and strongly raised later- 
ally. 
The transverse processes are essentially vertical flanges of bone, 


angled posteriorly, and with distinct ventral lamellae. 


VARIATION ALONG THE COLUMN. 1. Condyles and cotyles.- The condyle is 

a robust ball throughout the column, with a vertical, anterior groove 

in each of the anterior trunk vertebrae. In the more posterior trunk 
vertebrae the condyle is flattened anteriorly, while in the caudal 
vertebrae it is flat anteriorly, but with the dorsal part further 
forward than the ventral. This recalls the situation of the salamandrid 
newts. 

The atlantal posterior cotyle is circular, but more posteriorly the 
cotyle is oval in the lateral plane, with a tendency to develop a 
flattened dorsal rim. The oval becomes more pronounced in the posterior 
trunk region and caudal regions. Each cotyle is more oval than the 
articulating condyles perhaps allowing more freedom of movement of the 
ball-and-socket joints (see below). 

A chordal foramen is present in the posterior cotyle and anterior 
condyle. The cotyle is infilled so as to produce a shallow cup. There 
is no infilling along the inner walls where the condyle inserts. 

2. Hypapophyseal. structures.- The hypapophysis is represented by a 
ventrally and anteriorly directed spine beneath the anterior cotyle. 
This is present starting with Tl, increases to maximum at the fourth 
trunk vertebra or so, and from here decreases gradually. In D. 
montitcola (snout-vent length 42 mm, UA 14447) these hypapophyses dis- 


appear in the midtrunk region. In smaller specimens of D. fuscus 
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(snout-vent length 44 mm, UA 14449) they also disappear in the midtrunk 


area. However, in larger specimens only the first presacral lacks all 


trace of the anterior hypapophyseal projection. In very large D. fuscus 


in the forward trunk region the ventral part of the hypapophyseal spine 
is expanded into a boss. 
The hypapophysis is closely associated with the posterior bas- 


apophyses of the next anterior vertebra. The size of the hypapophysis 


is correlated with that of the baspophyses, large basapophyses projecting 


beside a large hypapophysis. The more anterior, larger basapophyses end 


bicipitally in two small projections, one above the other. Although 
hypapophyses may disappear along the trunk, basapophyses remain present, 
even if only as small ridges. The first presacral, sacral, and caudo- 
sacrals lack basapophyses. 

A haemal arch is developed on the caudal vertebrae. The haemal 
process ends bicipitally and extends posteriorly and, especially, 
ventrally. The arch is low, robust, and bears a well-developed haemal 
crest. This crest is high, forming an anteroventrally projecting tri- 
angle on the haemal process and arch. The haemal process and crest are 
present and well-developed on the most posterior caudal vertebrae. 

3. Neural crest and hyperapophysts.- The neural crest is variably 
developed through most of the column. In the trunk series, maximum 
development is on the second cervical, with decrease posteriorly. 


Smaller specimens have the crest only on the second cervical; however, 


in larger individuals a crest is present, but low and thin, on all trunk 


vertebrae. In D. montitcola the crest in the trunk region is variably 


present, being a small, medial bump when developed. In this species the 


second cervical lacks a crest. 
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In the caudal series, the neural crest is somewhat higher, but 
dwarfed by the haemal crest. Smaller specimens lack a neural crest on 
the caudal vertebrae. 

The hyperapophysis is usually vertical with posteriorly facing 
surfaces in the atlas and Tl. That of the trunk vertebrae is low and 
extends to the posterior edge of the postzygapophyses. It ends 
bicipitally with widely separated tips. By contrast, the hyperapophysis 
of D. monttcola is tricipital, with a small median projection between 
the two lateral processes in the trunk region. Caudal vertebrae have 
bicipital hyperapophyses in both species. 

4. Zygapophyses.- Prezygapophyses are well set off laterally from the 
neural arch. They are relatively strongly raised laterally, this being 
minimum in the posterior trunk region and maximum in the caudal verte- 
brae. Facets are elongate ovals, extending anteroposteriorly and with 
a tendency to have the anterior and posterior ends pointed. Postzyg- 
apophyses are smaller than the corresponding prezygapophyses and in the 
form of teardrops, with dorsolateral inclination. The anterior trunk 
vertebrae, but not the atlas, have well-developed, posterodorsolaterally 
extending pterygapophyses. These are large on Tl and decrease progres- 
sively from here on, to disappear in the area of T10. 

5. Transverse processes.- There are no atlantal transverse processes. 
On Tl the processes are distinctly bicipital, the arms joined by a web 
of bone. They have slight posterior inclination, dorsal and ventral 
arms being in a single vertical plane and both angled dorsally. 
Posterior alars are present. Further back, the transverse processes 


remain bicipital and extend at right angles to the vertebrae, coming 
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off the side of the neural arch with no attachment to the centrum. 
Dersdi and ventral arms tend to remain in one vertical plane until the 
posterior region of the trunk, where they are tilted in line with the 
myosepta. 

The first presacral does not bear ribs. The ventral arms of the 
transverse processes are robust, whereas the dorsals are represented 
by posteriorly deflected flanges. Those of the sacrum are angled 
posteriorly to a greater degree than those of the trunk vertebrae. In 
most salamanders the transverse processes of the sacrum are vertical, 
but in this species they are tilted posterodorsally. The caudosacral 
vertebrae have unicipital transverse processes with well-developed 
anterior and posterior alar processes. There is a dorsal vertical 
flange on each process and the process is deflected posteriorly and 
ventrally. In the caudal vertebrae, the transverse processes are 
progressively reduced and change orientation to petone vertical flanges. 
Transverse processes are present far caudally. 

Alar processes are relatively well-developed along the column, 
especially in larger individuals. Owing to the small midpart of the 
centrum and the large alars, the vertebrae are dorsally concave. In 
the anterior trunk vertebrae are found anterior extensions of the ventral 


rib-bearers, correlating with the subvertebral myomeres (q.v.). 


vii) Family Salamandridae Gray 1825 
Salamandra Laurenti 1768 
Spectmens.- One skeleton (UA 14366) of Salamandra atra, one skeleton 


(UA 14365) and two cleared and stained specimens (UA 14451, 14452) of 
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Salamandra salamandra. The two available species are similar. Where 


pertinent, differences have been noted. 


ATLAS (see Fig. 17). Anterior cotyles are oval and the long axes are. 
dorsoventral, such that the ventral borders are closer together than 
are the dorsal. Articular facets are shallow basins. Between the 
ventral borders of the two cotyles a thin, elongate odontoid pencess 
juts anteriorly. From its lateral edges two flanges rise dorsolater- 
ally. These have lateral facets for articulation with the medial 
surfaces of the occipital condyles. The posterior cotyle is oval in 
the horizontal plane, deep but plugged anteriorly with calcified tissue. 
There are no basapophyses and a hypapophysis is lacking. 

The neural canal is large and diamorid-shaped in anterior view. 
The base of the diamond is the odontoid process, the medial borders of 
the anterior cotyles form the two lower edges, and the walls of the 
neural arch rise and converge medially to form the top sides. The roof 
of the arch is steep and continues into a well-developed neural crest. 
This crest may be thin (S. atra) or very thick and finished dorsally 
in cartilage (S. salamandra). The anterior edge of the roof flares 
forward into two thin flanges, one on either side of the midline. On 
each side of the anterior part of the neural crest a small flange drops 
ventrally. The hyperapophysis rises vertically between the postzyg- 
apophyses. Posteriorly, a facet originates above each zygapophysis and 
extends dorsally and slightly medially to meet the posterior edge of 
the neural crest. Postzygapophyses have teardrop-shaped facets, the 


blunt part posterior. They are horizontal and slightly concave. 


SECOND CERVICAL (Tl). The anterior condyle is a dorsoventrally 
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compressed oval with the dorsal portion anterior of the ventral and a 
rege depression anterior. Thus it does not form a true ball-and-socket 
joint with the atlas, but interlocks with the atlantal posterior cotyle. 
The posterior cotyle is also oval with a flattened dorsal rim. There 
is no infilling except far anterior and the cup is very deep. There are 
no basapophyses or subcentral keel. Subcentral foramina are large and 
irregular. 

The neural canal is large and in the form of a pentagram, the base 
formed of the centrum with the walls of the neural arch producing the 
other sides. The walls of the arch are pierced by several foramina: 

' two small ones, one on either side just posterior to each prezygapoph- 
ysis, and larger ones posteriorly behind the transverse processes. The 
latter may be divided into two parts by a bridge of bone. A relatively 
high, thin neural crest extends the length of the roof of the arch. 

The hyperapophysis is relatively low, produced by a rising of the neural 
arch between the posterior zygapophyses. A pair of smoothly curved 
flanges forms the posterior border, to which attach the hyperapophyseal 
septa. Prezygapophyses are broad ovals, extending anteroposteriorly 
and slightly laterally. They are widely separated and originate below 
the top of the roof of the arch. Postzygapophyseal facets are large, 
broad teardrops. Both anterior and posterior facets are raised later- 
ally and both zy gapophyses are joined to the dorsal rib-bearers by a 
lateral flange of bone, which increases the area of the roof of the 
arch. 

Transverse processes are robust but not enlarged. They are slightly 


inclined from the vertical and the arms are not divergent, but relatively 
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widely separated as the ventral originating from the centrum and the 
dorsal from the top of the wall of the arch. They are joined by bone 
along their lengths. Large ventral lamellae are present on the ventral 
rib-bearers, especially formed by the posterior alar processes. A 


large, twisted vertebrarterial canal pierces each ventral arm. 


TRUNK VERTEBRA (T8, see Fig. 18). A plug of calcified cartilage 
extends forward from the anterior cotyle. However, it is shallowly 
concave anteriorly. The posterior cotyle is a flattened oval, the 
lateral and ventral sides extending further posterior than does the 
dorsal. There is no infilling of the cotyle and no closure of the 
notochordal canal until it is blocked by the calcified tissue of the 
anterior cotyle. Hypapophyseal structures are lacking. 

The neural canal is large and the neural arch is not depressed. 
A well-developed, but low, neural crest is present midvertebrally. The 
arch rises gently posteriorly, accommodating two lateral facets, which 
face posteriorly. A spinal nerve foramen pierces the arch just 
posterior to each: dorsal. arm of. the) transverse processes... Prezyg- 
apophyseal facets are large, broad ovals extending anterolaterally. 
They are widely separated, originate from the top of the roof of the 
arch, and are raised laterally. Postzygapophyseal facets are also 
large, but approximately teardrop-shaped and gently concave dorsally. 
The roof of the arch is widened by zygapophyseal flanges joining to the 
transverse processes from the anterior and posterior zygapophyses. 

The transverse processes are distinctly bicipital, the arms close 
together and united by thin webs of bone. The ventral arms arise on 


the centrum anterior to the medial constriction. The dorsal arms 
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originate on the sides of the neural arch posterior to the origins of 
the teheral arms. Both are angled posteriorly, but to different degrees, 
such that distally they are in a single vertical plane. The ventral 

arms are each pierced by a large vertebrarterial canal. Small alar 
processes form the ventral lamellae. The ventral arms are larger than 


the dorsal and both are plugged with calcified cartilage. 


SACRUM (T16). The cotyles are dorsoventrally flattened ovals. The 
anterior is filled with calcified cartilage to form a weakly developed 
condyle. This has a deep anterior pit and scarcely extends beyond the 
rim of the cotyle. The posterior cotyle has the lateral and ventral 
borders extending further posterior than does the dorsal. The antero- 
internal part of the cotyle is plugged with calcified tissue. 

The neural canal is wide but not greatly depressed. There are 
relatively large spinal nerve foramina, one behind each transverse 
process. A low, well-developed neural crest arises at the anterior 
edge of the neural arch and extends posteriorly to where the arch begins 
to rise into the hyperapophysis. The latter ends in a long, low crest, 
to which the hyperapophyseal septa attach. Prezygapophyses have 
teardrop-shaped facets, extend anterolaterally and are strongly tilted 
from the horizontal. They are widely separated and extend well out 
from the neural arch. The facets of the postzygapophyses are more 
distinctly teardrop-shaped and large. They extend primarily antero- 
posteriorly and are dorsally concave. Zygapophyseal ridges extend 
from the pre- and postzygapophyses to the transverse processes. These 
ridges are smoothly continuous with the neural arch, which they greatly 


increase in lateral area. 
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Transverse phacesscs are long, relatively robust, and with the 
arms in a single vertical plane. The arms are plugged distally with 
calcified cartilage and the dorsal arms are larger than the ventral. | 
The arms are closely appressed, but separated by a narrow web of bone. 
Ventral lamellae are weakly and variably developed, and pierced by 


subcentral foramina. Vertebrarterial canals are present. 


HAEMAL VERTEBRA. Cotyles are dorsoventrally flattened ovals; the 
anterior one containing a forwardly projecting condyle of calcified 
tissue. This condyle has a large pit anteriorly. The posterior cotyle 
has a small amount of calcified tissue anteriorly and lacks the excava- 
tion of the dorsal border seen in the trunk vertebrae. Opisthocoely 

is weakly developed. The haemal arch is fully developed, with a long, 
low haemal crest ventrally. The posterior border flares laterally and 
posteroventrally to produce a flattened fan, which may be weakly 
bicipital. A large foramen pierces one wall or the other of the haemal 
arch. Ventrolaterally, along each edge of the arch, are found 
well-developed laterally extending flanges of bone. 

The neural arch is low and gently sloped laterally. A small tri- 
angular neural crest is present medially. The neural arch rises gently 
posteriorly to form the two processes of the hyperapophyses.. A large 
foramen for the spinal nerve pierces each wall posterior to the trans- 
verse process and anteroventral to the postzygapophysis. Prezygapoph- 
yses are, for those of haemal vertebrae, very large. They are irregular, 
elongate ovals extending anterolaterally and are well set off from the 
neural arch, in the horizontal plane. Postzygapophyseal facets are 


approximately teardrop-shaped, horizontal, and dorsally concave. They 
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are large and, like the prezygapophyses, joined by a lateral ridge of 
Gene to the transverse processes. 

The transverse processes are sometimes bicipital and sometimes 
merely a single vertical flange of bone extending posterolaterally. 
They are short and join to the interzygapophyseal ridges dorsally and 
to the lateral haemal ridges ventrally. A small vertebrarterial canal 


may or may not be present. 


VARIATION ALONG THE COLUMN. 1. Condyles and cotyles.- Anterior and 
posterior cotyles are dorsoventrally flattened ovals, except in the 
posterior caudals, in which they are circular. The anterior cotyle is 
filled with calcified cartilage, which extends forward to form a condyle 
with a large anterior depression. The vertebrae are rather weakly 
opisthocoelous. In the posterior caudals the centrum is amphicoelous. 
That is, although the anterior cotyle is almost filled with calcified 
tissue, it does not extend forward beyond the cotyle and has a depression 
anteriorly. 

The posterior cotyle has calcified tissue anterointernally, but 
still usually retains a trace of a notochordal pit. The amount of 
calcified tissue in the posterior cotyle decreases posteriorly along 
the column. In the trunk series, sacrum, and caudosacrals the lateral 
and ventral rims of the posterior cotyle extend further back than do 
the dorsal. In the haemal series the border becomes equal all around 
the cotyle. The dorsal excavation of the posterior cotyle and the flat 
anterior surface of the anterior condyle, which have slightly expanded 
rims to insert just into the posterior cotyles, show clearly the 
strengthening and "anti-dislocation" function of opisthocoely (see 


below). 
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2. Hypapophyseal structures.- Subcentral keels and basapophyses ‘are 
not developed, although Estes et al. (1967) claim that posterior 
basapophyses are present in some specimens of the genus Salamandra. 
Hypapophyseal structures are represented by haemal arches. These are 
long and relatively low, expanding posteriorly into a flattened, 
posteroventrally aligned plate. Further posterior the lateral borders 
of the haemal arches. are developed into lateral ridges. A haemal arch 
is present on all caudal vertebrae. 

3. Neural crest and hyperapophysts.- The roof of the neural arch is 
flattened and wide, rising posteriorly between the postzygapophyses. 
The lateral extent is increased by the presence of zygapophyseal ridges 
joining to the transverse processes. A relatively low (compare that 
of the newts) neural crest is present midvertebrally. This tends to 
be best developed in the anterior part of the trunk and decreases 
posteriorly to a slight degree. The crest remains low from the sacrum 
through much of the caudal series, but undergoes a relative increase 
in height and extent in the more posterior caudals. 

The posterior border of the neural arch flares up and back over 
the postzygapophyses. This situation obtains along the column until 
the more posterior caudals, in which the arch does not rise posteriorly, 
but continues more or less horizontally into the postzygapophyses. 
Excepting the atlas and Tl, there is relatively constant development of 
the hyperapophysis along the column. 

4. Zygapophyses.- Zygapophyses have been described above for each of 
the kinds of vertebrae and there is little variation along the column. 


Zygapophyses are notable in being widely separated, large, and 
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connected to the transverse processes by lateral flanges from the neural 
arch. In the caudal series, the zygapophyses are still large and 
well-developed. 

5. Transverse processes.- Transverse processes are completely lacking 
from the atlas. From here posteriorly they are bicipital, although 
those of the two trunk vertebrae anterior to the sacrum may be unicipital 
The first presacral is ribless. In the trunk, transverse processes are 
largest on Tl, with decrease in the diameter of the rib-bearers 
occurring posteriorly. The arms remain of approximately equal length. 
The distal ns of the dorsal and ventral arms tend to be in a single 
vertical plane. The transverse processes on the trunk vertebrae are 
short, not projecting far laterally. Small ventral alar processes are 
present anteriorly and posteriorly, as well as small vertebrarterial 
canals. 

In the postsacrals, ribs are lacking and the transverse processes 
are eae expanded dorsoventrolaterally. In the anterior part of 
the haemal series they may be distinctly brcipltalesyihe eprocesses 
remain until the most terminal caudals, being anteroposteriorly 
flattened, inclined in line with the associated myosepta, and provided 


with small anterior and posterior alar processes ventrally. 


Pleurodetles waltlt Michahelles 1830 


Spectmens.- One dry skeleton (UA 14368) and one cleared and stained 


specimen (UA 14454). 


ATLAS. Anterior cotyles are small, robust structures situated largely 


below the level of the neural canal. Facets are oval, with the greatest 
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diameter in the howbzoutel plane. The facets are slightly convex and 
are inclined posterodorsally and posterolaterally to some degree. The 
odontoid process is robust, situated midway down between the cotyles, 
and with a shallow, broad groove dorsally for the spinal cord. In 
ventral view the odontoid is somewhat similar to that of Scapherpeton. 
The posterior cotyle is flattened dorsally and, to a lesser degree, 
ventrolaterally. The cotyle is shallow with a flattened anterointernal 
plug of calcified tissue. A low longitudinal ridge is found sub- 
centrally, which diverges anteriorly to join the anterior cotyles. 

The neural canal is small and higher than wide. The arch is large 
and robust, especially in the area of the hyperapophysis. The roof of 
the arch is high and wide, rising posteriorly. Three longitudinal 
ridges extend along the dorsal surface: one medially and a pair 
dorsolaterally. There is a large foramen piercing each anterior cotyle 
laterally, extending medially at a slight anterodorsal angle to enter 
the neural canal. The hyperapophyseal area faces directly posteriorly 
and is composed of a pair of vertical, slightly concave facets, which 
rise from the tops of the zygapophyses and are very tall. Postzyg- 
apophyses are small structures attached to the posteroventral edge of 
the neural arch. Facets are broadly teardrop-shaped, small, and tilted 
laterally. 


Transverse processes are lacking. 


SECOND CERVICAL (Tl). The anterior part of the centrum bears a large, 
grossly teardrop-shaped condyle, which is flattened anteriorly. This 
condyle does not extend far anteriorly and barely enters the posterior 


cotyle of the atlas. The posterior cotyle of Tl is somewhat depressed 
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dorsally, whereas the ventral border forms a broad oval and is produced 
posteriorly. Calcified tissue fills the notochordal canal and forms a 
flat, posteriorly facing surface within the cotyle. A robust subcentral 
keel extends from the posterior cotyle anteriorly for about three 
quarters of the length of the centrum. Subcentral foramina are small 
and irregular in position and occurrence. Bee nopiise are lacking. 

The neural canal is high, formed by the walls of the neural arch 
rising dorsally and medially. Foramina for spinal nerves are evident 
anterior to the transverse processes, but none posterior, which differs 
from Edwards' (1976) descriptions. The arch and its associated parts 
are large, dwarfing the centrum. A tall, thin neural crest extends 
medially from the hyperapophysis to almost the front of the arch. It 
is not provided with an expanded bony plate dorsally (contrast 
Notophthalmus, Euproetus, and Salamandrina). Beneath the crest, the 
roof of the arch is notably peaked. Laterally there are horizontal 
flanges extending from the neural arch and connecting the transverse 
processes to both the anterior and posterior zygapophyses. These 
auxiliary flanges decrease the apparent length of the dorsal rib-bearers 
and increase the width of the roof of the neural arch. The robust, 
dorsally produced hyperapophysis extends vertically from above the 
postzygapophyses. Its posterior face is approximately that of a 
horseshoe, as in the atlas. Prezygapophyses are largely incorporated 
into the neural arch roof. Articular facets are small, irregular ovals, 
with indistinct posterior borders. Laterally they are inclined 
dorsally. Postzygapophyseal facets are small, ventral extensions from 


the hyperapophysis, in the form of irregular ovals or teardrops. 
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Transverse processes are robust, relatively long, and extend 
posterolaterally. Rib-bearers are divergent and connected by a web of 
bone. The arms are filled with calcified tissue, leaving the distal, 
articular, surfaces only slightly concave. Ventral arms are provided 
with small, but distinct, ventral lamellae. The dorsals are incorpo- 
rated into the laterally expanded roof of the arch, excepting their 


distal thirds. Vertebral canals are small and irregular in position. 


TRUNK VERTEBRA (T8, see Fig. 18). The anterior condyle is anteriorly 
flattened and dorsoventrally compressed. The posterior cotyle is 
excavated for the reception of the condyle of T9, with a flat antero- 
internal surface. The ventral border is posteriorly produced and 
somewhat less flattened than the dorsal border. Hypapophyseal 
structures are lacking. 

The neural canal is small and higher than it is wide. The arch 
is peaked medially, with a neural crest that is concave dorsally and 
Slopes steeply anteriorly. Webs of bone extend the roof of the arch 
laterally and join the pestzygapophyses to the transverse processes, 
whereas the prezygapophyses are joined to the bony web connecting 
the dorsal and ventral arms by a similar flange. Small foramina for 
Spinal nerves pierce the arch, one posteroventral to each dorsal arm 
of the transverse process. Between each rib-bearer and the corre- 
sponding prezygapophysis is a large cavity extending posteromedially. 
This is walled medially by the neural arch, dorsally by a web of bone 
extending posteroventrally from the prezygapophysis, and ventrally by 
a feebly developed alar process on the ventral rib-bearer. The hyper- 


apophysis rises from between the postzygapophyses. Its apex is 


busts: ba, en dbewbaatey ot 
ee s: Ve byseonaop a reog tov wee 
Rs eget, PAP) RTF oni sauaets botttolya At 
hs hiwowy Cth Berks "hyper Ae 2va302 


womans Yee eleerey any wel fomek’ Levon 


Mit Ree. ee AN 
ar atyotos or ont (8 es rr 
aii. soLyetzeg TT be oxpnga sth ei doevon30 

Keeo tin WRK B avis UT Yo wiNbans ois 80, nbiaqador | ‘sit ae 
kao Danahiry “iselveseee 28 vobsod tisiney att 


, 


Sa is ec 


‘ioseytgoqucfs’ vetoed) preaaly ll inal? Bammeaatt) aaa 
‘win SAT) vobbw nk ta gels Aaya baw tine oh Tea, < ; 
tints tisenes AvRoRQo et PRS so ner ‘caer = ase pees 4! 
dents ante te ROSE oi isoptaw we bay te eae 
(aos Henate oeravenarct odd GP = 


lbs Gch sit wi anil PORT 
sort, anime ‘Eheue any aethat ae seni ‘een ts 
nage ont aii ates: belasan te 

~ertttoo matt oak ‘anssldbe pees - vines os 
wine aie ROG aoitonee phys: oon . a sid 
plied Ho dame Md: gine dint « Hvtess cena isiaiid ouitatbon, 
eS Ghd ny Bare 25 REO RE AAP Te 
aie sebagai si owen ats Seor ; roe 


Ba Mete est. ve 


wre: Eero h ibe “as ie et 


avy 
‘ome 
: i 
! a] PA 
= : o 
; ' a H in aT 
Pera Bh LS 
: pane A, 
+) We j a mia 
\ ey aaa 
f s ea 


posteriorly extended with respect to the ventral portion. As in Tl, 
there is a semi-roughened, posteriorly facing horseshoe-like surface, 
providing attachment for the paired hyperapophyseal muscles. Pre- 
Zygapophyses are small, but less an integral part of the neural arch 
than in the second cervical. Facets are irregularly-shaped circles, 
which lie in a basically horizontal plane. Postzygapophyses are also 
small with irregularly-shaped circular facets, but which are raised 
laterally. 

The transverse processes extend posterolaterally and are 
composed of diverging rib-bearers, which are connected by a web of 
bone. The ventral arms are larger than the dorsal and pierced by 
relatively large vertebrarterial canals medially. Ventral lamellae 


are absent. 


SACRUM (T15). The sacrum differs from the preceding trunk vertebrae 
only in the hypertrophy of the rib-bearers. These extend postero- 
laterally and are greatly expanded distally. The dorsal arms are 
somewhat larger than the ventral and are slightly posterior of the 
latter distally. Both arms are filled with calcified tissue and have 


shallowly concave articular facets. 


HAEMAL VERTEBRA (H3). The anterior condyle is flattened as are those 
of the trunk series. It is subcircular in anterior view, with the 
dorsal border anterior to the ventral. The posterior cotyle is also 
subcircular, with the dorsal and ventral borders somewhat flattened. 
The dorsal border is excavated anteriorly. As in the trunk vertebrae, 
calcified tissue plugs the chordal canal, producing a flat antero- 


internal surface. The haemal arch of the third haemal vertebra is 
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completely developed, extending the full length of the centrum. The 
canal is notably larger than the neural canal. The haemal arch is 
provided with a crest and process that mirror the neural crest and 
hyperapophysis above. 

The neural canal is small and relatively narrow, with the roof 
peaked above it. A well-developed neural crest is present and the 
hyperapophysis forms a shallow aliform process. The roof of the arch 
is narrower than those of the trunk vertebrae. A spinal nerve foramen 
is present in each wall. Prezygapophyses are small with more or less 
horizontal, subcircular facets, which are situated well below the roof 
of the neural arch. The facets of the postzygapophyses are small, 
teardrop-shaped, and turned up laterally. They are situated below 


the hyperapophysis as in the trunk region. 


VARIATION ALONG THE COLUMN. 1. Condyles and cotyles.- Throughout the 
trunk region the condyle projects a short distance anteriorly. In the 
forward part of the trunk it projects a very short distance beyond the 
prezygapophyses. In the rear portion the condyle ends short of the 
anterior edge of the prezygapophyses. Excepting that of Tl (q.v.) the 
condyle is dorsoventrally compressed and relatively wide. The 
anterior face is vertically flattened and there may be a small projec- 
tion of calcified tissue in the centre of the condyle. The condyle of 
the single caudosacral vertebra is as that of the trunk, but more 
dorsoventrally compressed. The first two or three haemals possess a 
slightly dorsoventrally compressed condyle. However, posterior to 
this it forms an irregular circle in anterior view. In the haenal 
series the condyle is slanted such that (in lateral view) the dorsal 


border is forward of the ventral. 
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The posterior cotyle mirrors the structure of the corresponding 
condyle, with which it articulates. Each cotyle, excepting those of 
the atlas and Tl through T3, has the dorsal border excavated anteri- 
orly, such that only the ventral and lateral borders serve to enclose 
the articulating condyle. The anterointernal surface of each cotyle 
is flattened, formed by calcified tissue, The internal surfaces of 
the rims are smooth, formed of bone only. 

2. Hypapophyseal structures.- Only Tl, T2, and (to a slight extent) 
TS beara subcentral Keel. In these the keel isa low, thick struc- 
ture occupying the middle two thirds of the centrum. On either side 
of the keel are dorsally excavated depressions. Basapophyses are 
lacking, in correlation with the lack of posterior flexures or bas- 
apophyseal muscles in the subvertebralts. | 

There is a single caudosacral vertebra. The second postsacral 
vertebra bears a small haemal arch. This is U-shaped and originates 
along the posterior two thirds to one half of the centrum ventro- 
laterally. No ridges or crests are developed on the first haemal 
arch. In the following haemals the arch occupies most of the ventral 
surface of the centrum, except’ for the area ventral to the anterior 
cotyle. The arch is a partial mirror of the neural arch, having a 
ventral haemal crest and aliform-like haemal process posteriorly. 
The latter are somewhat more developed than the aliform process of 
the neural arch. 

3. Neural arch.- The spinal nerves exit intravertebrally throughout 
the column, except for the second cervical, which lacks posterior 


foramina in the two available specimens. In the atlas the foramina 
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pierce the anterior cotyles. The trunk vertebrae have the foramina 
located posterior to the transverse processes. The foramina of T2 are 
large and sometimes not enclosed posteriorly by bone. This enlarge- 
ment is for the exit of a large nerve innervating the pectoral gizdie: 
The foramina enlarge progressively from the presacrals (Tll through 
T14) to the sacrum (T15). ‘Those of the single caudosacral are notably 
smaller than those of the sacrum. From this point posteriorly, the 
foramina decrease progressively in diameter. 

In the atlas and Tl the small neural canal is high, with a 
steeply arched roof, and narrow. Its height decreases posteriorly, 
making the canal appear relatively wider in the midtrunk, sacral, 
caudosacral, and haemal vertebrae. 

4. Neural crest and hyperapophysis.- In the atlas the roof of the 
neural arch is robust and provided with three longitudinal ridges. 
Throughout the remainder of the trunk the neural crest is a high, 

thin plate extending anteriorly from the hyperapophysis to approxi- 
mately the level of the origin of the transverse processes. From this 
point, the crest slopes steeply anteriorly. In Tl the crest extends 
relatively further anteriorly. In the main region of the trunk the 
crest is concave on its dorsal margin, as is that of the caudal 
vertebrae. 

The Seas Fats is constant throughout the column, including 
that of the atlas. It rises vertically above the postzygapophyses, 
forming an inverted U-shape in posterior view. The rear surface of 
this U is relatively smooth, but with small, lateral ridges for the 


insertion of the hyperapophyseal septa. This species lacks the 
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aliform-like By peddvophynes of other newts (e.g., Notophthalmus and 
Salamandyina), although there is a tendency for a V-shaped hyperapoph- 
ysis to be present in the posterior trunk vertebrae. This tendency | 
increases posteriorly through the haemal vertebrae, which have a 
shallow, but V-shaped, hyperapophysis. 

5. ‘sygapophyses.- Prezygapophyses of the trunk vertebrae are constant 
along the columi.'-Facets are small, -often irregular circles. They 
extend to, or somewhat beyond the anterior edge of the condyles. Pre- 
Zygapophyses are located significantly below the top of the roof of 
the neural arch and are supported ventrally by a strut extending 
anterodorsally and laterally from the centrum. The roof of the arch 
is slightly notched between the prezygapophyses in the anterior half 
o£ the ‘trunk pibut not “inthe posterior halfs" Inthe sacrum ’and, to a 
lesser degree, the first presacral the prezygapophyseal facets are 
somewhat teardrop-shaped (i.e., more pesteriorly elongate). Facets 
of the caudosacral and haemal vertebrae are essentially as those of 
the.ctrunk, "but differ ‘in orientation Svein “the trunk; “facets are 
essentially horizontal, but in the haemals (after the first three to 
five) they are tipped dorsolaterally. 

Postzygapophyses are essentially mirror images of the prezyg- 
apophyseal facets. However, those of the first and second postsacrals 
are subcircular, not conforming to the basically teardrop shape of 
the articulating prezygapophyses. Postzygapophyses are small, ventral 
adjuncts to the large hyperapophysis. 

Both anterior and posterior zygapophyses are joined by laterally 


extending flanges of bone from the roof of the neural arch to the 
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transverse processes. This gives them the appearance of being a much 
more integral part of the neural arch than is the case in other 
species here described. 

6. Transverse processes.- Atlantal transverse processes are lacking. 
Throughout the trunk the transverse processes are long and directed 


posterolaterally. The dorsal arms have the true lengths obscured 


Owing to the lateral zygapophyseal flanges. Rib-bearers are bicipital 


and relatively widely separated, being connected by a web of bone. 
They are also plugged by calcified tissue. The dorsal arms extend 
posteriorly at a greater angle than do the ventral, causing each 
transverse process to slant posterodorsally. 

From T3 posteriorly there is a steady decrease in the diameter 
of each arm of the rib-bearers, especially in the two or three pre- 
Sactars. (from 1o-or fo posteriorly the articular surfaces of the 
dorsal arms are oriented more posteriorly than those of the ventral. 
In the midtrunk region the ventral arms extend nearly directly 
laterally for the distal one third, such that the articular surface 
faces laterally. However, the lateral extension is not seen in the 
pectoral or presacral vertebrae. Throughout the trunk posterior to 
the pectoral area, therefore, the articular surfaces of the dorsal 
and ventral arms are at different angles. The reasons for this are 
uncertain, but may relate to the anti-predator function of the 
elongate, distally sharpened ribs (see Steward 1969). 

The single caudosacral has small, but distinct transverse 
processes, which bear ribs. The dorsal arms may be lacking. In the 


haemal series there is rapid decline in the size of the transverse 
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processes. In those vertebrae posterior to the first haemal the 
transverse processes are perforated, amorphous projections. 

Ventral lamellae are slightly developed on Tl through T3, but 
they are in the form of buttresses for the ventral arms, not being 
used as areas of muscle attachment. Excepting a small flange joining 
the ventral rib-bearers to the supporting column of the prezygapoph- 
yses, ventral lamellae are lacking throughout the remainder of the 


trunk and caudosacral regions. 


Tartcha Gray 1845 
Spectmens.- Two skeletons (UA 14373, 14374) and two cleared and 
Stained specimens (UA 14462, 14463) of Tartcha torosa, and four 
skeletons (UA 14375-14378) of Tartcha cranulosa. The vertebral 


columns of these species are all but identical. 


ATLAS. Anterior cotyles are widely separated, laterally compressed 
ovals. The cotyles have flat anterior articular surfaces. Rather 
than, extending vertically, these surfaces are tilted such that the 
ventral borders are anterior of the dorsal. The odontoid process is 

a long, narrow shelf-like extension of the centrum, which underlies 
the spinal cord. Two rounded facets are found ventrolaterally on the 
anterior edge, by means of which the odontoid articulates with the 
skull. The posterior cotyle is flattened dorsally and bluntly pointed 
ventrally. The notochordal canal is filled with calcified tissue, 
forming a flat surface anterointernally. The ventral border is 
produced posteroventrally. Two ventrolateral flanges of bone buttress 


the anterior cotyles to the centrum. No basapophyses are present. 
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The neural canal is large, and oval when viewed anteriorly. The 
walls of the arch are short in lateral view, arising from the centrum 
just posterior to the anterior cotyles. The roof of the arch is 
robust, with a wide, thickened boss medially. Anteriorly the dorsal 
part of the arch flares up and forward into a thin flange, which sends 
a short median projection posteriorly over the median boss of the 
neural arch. In dorsal view the flange and the posterior projection 
form a T-shaped structure. The rear of the neural arch is heavy and 
provided with a posteriorly facing pair of facets. Postzygapophyses 
originate on “ane posterolateral sides of the hyperapophyseal area 
and extend well back of the arch. Articular facets are approximately 


comma-shaped, the narrow tip extending anteriorly. The lateral edges 


of the facets are raised and the whole facet is tipped posterodorsally. 


There are no transverse processes. 


SECOND CERVICAL (T1). The condyle is flattened anteriorly, with the 
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dorsal border forward of the ventral. A rim extends around the condyle, 


which articulates with the posterior cotyle of the atlas. The cotyle 
of Tl is oval in the horizontal plane, with the dorsal rim flattened 
and excavated anteriorly. Anterointernally a flat surface formed by 
calcified tissue plugs the centrum. The walls of the cotyle are free 
from infilling. No hypapophyseal structures are evident, except for 
a tendency to develop a low transverse ridge posteroventral to the 
condyle. Subcentral foramina are of irregular distribution in the 
ventral lamellae. 
The neural canal is large, approximately a pentagonal shape 


anteriorly, and the roof of the arch is strongly inclined. A small 
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foramen pierces the arch immediately anterior to the origin of each 
dorsal rib-bearer. Posteriorly, a large foramen may be blocked off 
by a posterior strut of bone, although the spinal nerves are usually 
not enclosed in bone here. A high, dorsally flat neural crest extends 
the length of the arch from the hyperapophysis to almost the front of 
the arch. The hyperapophysis is high, in the form of a shallow 
Piateoen process above the postzygapophyses. 

Prezygapophyseal facets are small, irregularly shaped circles, 
situated well below the roof of the arch, and extending a short 
distance anterior of the arch. They are strongly tilted and extend 
dorsolaterally. Postzygapophyses are smaller than the prezygapophyses 
and in the form of highly irregular ovals or circles. They are weakly 
inclined from the horizontal and shallowly concave. Zygapophyses are 
joined by horizontal, lateral flanges to the transverse processes, 
thereby greatly increasing the width of the roof of the arch. 


Transverse processes are robust and relatively long. They 


proceed laterally and slightly posteriorly and are bicipital. The arms 


are plugged by calcified tissue and joined by a bony web, but are not 
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widely separated or divergent. The ventral arms are expanded proximally 


to form robust, ventral lamellae. Ventral lamellae blend with the 


centrum to form a shallow basin in ventral view. A tiny vertebrarterial 


canal pierces each ventral rib-bearer. 


TRUNK VERTEBRA (see Fig. 19). The anterior condyle extends forward 
to articulate with the cotyle of the preceding vertebra. The head is 
expanded and its anterior surface is flattened. The posterior cotyle 


is flat dorsally and the lateral and ventral edges form a laterally 
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elongate oval. The notochordal area is filled with calcified carti- 
Teva forming a flat surface anterointernally. The dorsal rim is 
excavated anteriorly, leaving a more extended rim laterally and 
ventrally to surround the condyle of the following vertebra. This 
contrasts to lizards, snakes, and Desmognathus, in which there is a 
true ball-and-socket devel cpu Beuiech each vertebral ‘pain.’ A 
subcentral keel is lacking, the centrum being dorsally concave in 
lateral view. Basapophyses are absent, but there are several 
irregularly shaped and spaced subcentral foramina. 

The neural arch is low. A tall neural crest arises at the 
posterior border of the prezygapophyseai facets. It rises sharply and 
then continues to rise gently to the top of the hyperapophysis. A 
shallow aliform process forms the hyperapophysis. In posterior view 
there is a triangular-shaped facet for the insertion of muscles on 
the hyperapophysis. Prezygapophyseal facets ais Glenene ovals, 
extending anterolaterally. The lateral borders are deflected 
dorsally, the orientation of the facets in anterior view being dorso- 
lateral. Prezygapophyses are strongly buttressed to the arch, the 
roof extending well forward between them and there is a posterior 
ridge extending from the anterior surface of the dorsal rib-bearer to 
the prezygapophysis on either side of the vertebra. Postzygapophyses 
have lateral flanges extending forward to the transverse processes. 
Articular facets are teardrop-shaped and disposed anteroposteriorly 
with a slight lateral displacement posteriorly. Facets are inclined 


from the horizontal so as to meet the prezygapophyses of the following 


vertebra. 
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Well-developed, although short, transverse processes are present. 
They originate just anterior to the midpoint of the centrum and extend 
posterolaterally at a relatively sharp angle. The two arms are close 
together, parallel, and both are located in a single vertical plane. 
The arms are tubular, but filled with calcified tissue. First and 
second alars are present, the first (posterior) more extensively 
developed than the second. There are small vertebrarterial canals 


piercing the ventral rib-bearers. 


SACRUM (T14). The sacrum is basically as the trunk vertebra just 
described. The transverse processes are much more robust, with the 
ventral arms ending in flattened ovals and the dorsal arms subcircular. 
The first alar processes are less extensively developed than in the 
trunk vertebrae. The condyle is less anteriorly extended and is a 


more rounded ball. 


HAEMAL VERTEBRA (H3). The condyle and cotyle are as in the trunk 
vertebrae. A well-developed haemal arch is present, extending anteri- 
orly and posteriorly along the underside of the centrum to almost 

the same length as does the neural arch dorsally. A haemal crest is 
developed subequally to the neural crest and a similar aliform process 
is present. 

A high, long neural crest rises dorsally from the level of the 
posterior edges of the prezygapophyseal facets and then proceeds 
posteriorly to the hyperapophysis. A relatively well-developed 
aliform process is present, but filled with "spongy" bone. The neural 
arch does not extend behind the postzygapophyses. Zygapophyses are 


more or less developed as in the trunk region. 


124 


bavarne Alas ANE INOS bash a 3 


ete ta eta: Ra OWT ott signe cot “ | - 


spete Inaitiev efgnie s 


eee res Pt eRe. et eat koalas. abe “ibnl th et 


we 


“iaubanaate oot ~PoobeogRogy eae elt: 


ee 


ative ikieoarendst? ay Tanta ore! at moa aa 


pent arderyev srs eit ae Me Theta a 
Bey - pe o Piy > Pi f ayn! ake 4i:5 Be oh. eseenaery, — 
Euty irmyte eee (ip. OA | Fy Rite. 5 if i ets Zia" yon snt is a 


Pots KE tals Sao fever 


ai hd: Daisies. \l" SEM ike ant e Bee: oat ae : ri ‘ty 


diteed Sey Ty RB ER 2 atig one eo 
fre tte: SERURGIAD 58 Pere dy. vba é ne 


2 att SAD rigs adfit 
ob tian) ange thea fc Tae is 
BEAD LY ay OTeLE , ee a th: oem, donee si @ 


\ 


ght: Fe, fave Suet ahi ‘tate dead al sana aot 

alga sional? Tian eisai ‘ poved veiebncuse “i 

oe hassannmacitetiil cleviiteros Ae : 
eos “am le ae a 


125 


Transverse processes are each a bulbous mass of bony tissue, 


pierced by numerous holes. 


VARIATION ALONG THE COLUMN. 1. Condyles and cotyles.- The condyle 

is formed by a short neck of calcified tissue protruding from the 
anterior cotyle and bearing an expanded cap anteriorly. This cap is 
relatively flat anteriorly, but with some curvature. The dorsal 
portion of the condyle is in advance of the ventral in the middle and 
posterior parts of the trunk. In the anterior trunk region the cap 
has a more or less vertical anterior face, as is the case in the 
haemal series. The condyle is otherwise little differentiated along 
the column. 

The cotyle is flattened and excavated dorsally. The lateral ard, 
especially, the ventral edges are thus situated further posteriorly. 
The notochordal canal is filled with calcified tissue so as to forma 
flat wall anterointernally. The cotyle is dorsoventrally compressed 
throughout the column, becoming more rounded in the haemal series. 

The most posterior caudal vertebrae are amphicoelous. 

2. Hypapophyseal structures.- Hypapophyseal structures are lacking. A 
haemal arch is present from the third postsacral vertebra posteriorly. 
The arch is robust and well formed, with a long crest and posterior 
aliform process. The haemal arch comes to mirror the neural arch 
complex above. 

3. Neural crest and hyperapophysts.- The neural crest is present 
throughout the column. That of the atlas is robust, wide, and low, but 
in the rest of the column the crest is a tall, thin, medial sheet of 


bone along most of the length of the neural arch. It is high in the 
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vertebrae of the pectoral region, then decreases steadily to the sacrun. 
Postsacrally there is an immediate increase in height, which is main- 
tained through the caudal series. 

The hyperapophysis is in the form of an aliform process. This is 
not developed on the atlas and is poorly developed in the vertebrae 
associated with the pectoral girdle. The V increases in size posteri- 
orly, to be most strongly developed in the caudal series. The arms of 
each aliform complex serve as a site of insertion for hyperapophyseal 
septa. 

4. Zygapophyses.- Zygapophyses are present with little variation until 
the most posterior ten or so caudal vertebrae. They are generally 
developed as in the trunk vertebrae (described above). 

o. Transverse processes.- Tl has well-developed, bicipital, slightly 
divergent rib-bearers joined by a web of bone. The second trunk 
vertebra is much the same, but the dorsal arms are somewhat larger than 
the ventral and set further posteriorly. Posteriorly, the rib-bearers, 
although remaining bicipital, become closely appressed and progres- 
Sively of smaller diameter. The two arms remain in more or less the 
same plane and extend posteriorly at about the same angle throughout 
the trunk. The first two postsacral vertebrae have bicipital trans- 
verse processes, but the dorsal arms are weak. 

The posterior alar processes are constantly developed throughout 
the column. Anterior alar processes are present on transverse pro- 
cesses of the midtrunk region, and in the postsacrals. In the haemal 
series, the transverse processes become amorphous, sponge-like lateral 
projections on the centra. These projections are present to almost the 


end of the tail. 
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Notophthalmus viridescens (Rafinesque 1820) 
Speetmens.- Four skeletons, both sexes, of adults (UA 14369-14372); 
one cleared and stained metamorphosed adult (UA 14456); three cleared 
and stained neotenes (UA 14455, 14457, 14458); and three cleared and 


stained larvae (UA 14459-14461). 


ATLAS. In overall form the atlas is very like that of ees 
differing mainly in the neural crest and hyperapophysis. Anterior 
cotyles are small and subcircular, with the dorsal and lateral edges 
inclined posteriorly. Articular facets are gently convex and situated 
on the ventrolateral borders of the neural canal. The odontoid 
process is long, wide, and thin. In anterior view it is a dorsally 
concave crescent situated medially with respect to the anterior cotyles 
and it has a pair of well-developed ventrolateral facets. The posterior 
cotyle is approximately egg-shaped, the broadest part dorsal. There 
are no projections from the rim. The cotylar cup is shallow, being 
filled anterointernally with calcified tissue to form a flat surface. 
Hypapophyseal structures are lacking. 

The neural canal is large, roughly triangular in anterior view, 
and with basal internal projections from each side of the neural arch. 
The arch arises from almost the entire length of the centrum and also 
from the dorsolateral part of each anterior cotyle. Immediately 
behind each cotyle is a large spinal nerve foramen. Behind each 
foramen a low, robust ridge runs along the side of the neural arch. 
This ridge and the lateral edge of the anterior cotyle form two 
parallel rows, between which the foramen opens. The neural crest is 


a wide, low anterior continuation of the hyperapophysis. The latter 
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is a tall, heavy structure with a pair of vertical, posterolaterally 
directed flanges, forming a shallow aliform process. This process 
encloses a posteriorly directed double facet, each half of the pair | 
arising from above a postzygapophysis. Postzygapophyseal facets are 
long teardrops, positioned anteroposteriorly, and with the lateral 
edges upturned. Excepting the low lateral ridges on the arch, 


transverse processes are lacking. 


SECOND CERVICAL (Tl). The anterior condyle extends relatively far 

in front of the centrum. “It is circular in anterior view, with a 
flat forward surface, and a low rim extending round the anterior 
circumference. Posteroventral to the condyle a small process extends 
anteroventrally from the centrum. The posterior cotyle is dorso- 
ventrally compressed with a flattened dorsal surface and a shallow 
cotylar cup. The anterointernal surface is flattened and the rim is 
smooth. A low, robust hypapophyseal keel runs the length of the 
centrum, and extends somewhat forward and ventrally, as a wide spur 
beneath the posterior edge of the anterior condyle. Basapophyses are 
lacking. 

The neural canal is large and subcircular in end view, with the 
arch gently expanded above. A large spinal nerve foramen pierces 
each wall of the arch, entering into the post-transverse process 
recess (see below). The neural crest is tall and robust, extending 
almost the full length of the roof of the arch, and forming a 
rectangle in lateral view. The dorsal edge is expanded laterally in 
larger metamorphosed adults, with a flattened, rough dorsal surface. 


The hyperapophysis is developed as an aliform process with a very 
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shallow, posteriorly facing, V-shaped facet. The facet is very like 
that in Stren, but of less forward extent and with a posterior ridge 
running vertically along the median internal part. Prezygapophyseal | 
facets are anteroposteriorly extending, elongated ovals with the 
anterolateral edges somewhat inclined. They are pressed against the 
sides of the neural arch and extend only slightly past the forward 
border of the roof of the arch. Postzygapophyseal facets are approxi- 
mately diamond-shaped, positioned posterolaterally, and with the 
lateral edges raised. A prominent lateral ridge extends from the roof 
of the arch, joining the anterior and posterior zygapophyses on either 
side. 

Transverse processes are robust, short and bicipital, but not 
divergent. They extend posterolaterally and have a slight ventral 
deflection. A small, robust ventral lamella lacking subcentral 
foramina is present on each ventral rib-bearer Peoxtialiys A rim of 
bone extends from each ventral lamella dorsally along the distal end 
of the transverse process. Above the ventral lamella, the transverse 
process is excavated by a large posterior hole, which here is termed 
the post-transverse process recess. The foramen for the spinal nerve 


opens into this hole. 


TRUNK VERTEBRA (T7, see Fig. 19). The anterior condyle is large with 
its face gently rounded. In anterior view it appears as a rounded 
triangle stood on the apex. The dorsal part extends further forward 
than the ventral, causing the condyle to be sloped in lateral view. 

The posterior cotyle is large, subcircular, and with a flattened dorsal 


surface. The cup is shallow, with a flat anterointernal surface 
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formed of calcified tissue. A low, robust subcentral keel runs the 
length of the centrum and a short, wide flange extends beneath the 
anterior condyle. Small, irregular subcentral foramina are present on 
either side of the subcentral keel. Basapophyses are lacking. 

The neural canal is a large, approximately pentagonal opening in 
anterior view. The roof of the arch is domed and anteriorly almost 
covers the condyle in dorsal view. A small spinal nerve foramen 
pierces each wall inside the post-transverse process recess. The 
neural crest is robust, high, and rectangular, extending most of the 
length of the roof of the arch. The dorsal surface of the crest is 
flat, roughened, and laterally expanded. A shallow aliform process 
occupies the hyperapophyseal area. Prezygapophyseal facets are 
teardrop-shaped, positioned anterolaterally and situated against the 
sides of the neural arch. Only a small fraction of each prezygapophysis 
extends beyond the anterior edge of the arch. The ieeaad edges of 
the facets are slightly raised. Postzygapophyseal facets are broad 
teardrops, extended anteroposteriorly, and situated more or less 
horizontally. A lateral flange joins the anterior and posterior 
zygapophyses on either side, greatly widening the neural arch roof. 

Transverse processes are short and robust. They are distinctly 
bicipital, but the arms are parallel to each other. The ventral arms 
arise from just behind the anterior condyle, the dorsal from the centre 
of the neural arch. Both arms extend posterolaterally, but as the 
dorsal arms are posterior to the ventral, each transverse process is 
tipped from the vertical. Ventral lamellae, similar to those in Stren, 


are developed on each ventral rib-bearer. Anterior alars join the 
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ventral arms to the centrum, and extend forward as projections postero- 
lateral to the condyle. Small posterior alars are present in the 
angles formed by the ventral arms with the centrum. Midway along each 
transverse process an irregular spur of bone projects posteriorly. Its 
occurrence is irregular, certain vertebrae lack it on both sides, some 
have it on one side or the other, and others have it on both transverse 
processes. The spur correlates with the insertion of subvertebral 
musculature. Medial to the spur the post-transverse process recess is 
formed, an anteriorly directed excavation between the arms of the 
transverse process and next to the centrum. 


Although small, trunk vertebrae are very compact and robust. 


SACRUM. The sacrum scarcely differs from the trunk vertebra described. 
There is no subcentral keel and subcentral foramina are of irregular 
shape and location. The neural crest is high, but relatively short 

and the top is not expanded. The transverse processes are markedly 
expanded in comparison to those of the presacrals, but not with respect 
to the more anterior trunk vertebrae. Rib-bearers are in a single 
vertical plane and the dorsal arms are of larger diameter than the 


ventral arms. 


HAEMAL VERTEBRA (H4). There is only a single caudosacral vertebra, as 
a haemal arch appears on the second postsacral. The anterior condyle 
projects rather far in front of the centrum, with the dorsal part 
extending further than the ventral. The condyle is well formed, 
subcircular in anterior view, with a small rim and gently convex 
anterior surface. The posterior cotyle is large, subcircular, and 


flattened dorsally. The cotylar cup is shallow with a flat 
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anterointernal cartilage plug. The ventral rim extends posteriorly. 
The haemal arch basically mirrors the neural arch, but with a 
larger canal, a longer haemal crest, and without zygapophyses. A 
well-developed foramen pierces the wall of the haemal arch just 
posterior of the midpoint on either side. 

The neural canal is fairly large and bean-shaped in anterior 
view. The roof of the arch is gently domed and there are small 
foramina for the spinal nerves, one on either side, recessed into 
depressions posterodorsal to the transverse processes. The neural 
crest is thin, tall, and arises from the posterior three quarters of 
the roof of the neural arch. The anterior edge slopes ventrally in 
a convex pattern from the top of the hyperapophysis to the roof of 
the arch. An aliform process with short wings rises above the post- 
zygapophyses, to the top of the neural crest, so as to enclose a 
shallow, posteriorly facing V-shaped facet. Prezygapophyseal facets 
are elongate, anterolaterally extending ovals with the lateral edges 
irregular ovals, disposed anteroposteriorly, and situated horizontally. 
A laterally extending flange joins the zygapophyses on either side. 

Transverse processes are thick, robust wing-like structures 
extending laterally from the side of the centrum. The posterior edges 
are flat and each process thins anteriorly, producing a triangle in 


para-sagittal section. There are no vertebrarterial canals. 


VARIATION ALONG THE COLUMN. 1. Condyles and cotyles.- The condyle is 
anteriorly flattened with the forward part gently rounded. A raised 
rim is present around the condyle, set off by a posterior neck. In 


Tl the condyle is subcircular, and slightly higher than wide. That 
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of T2 is circular in anterior view, but that of the following trunk 
vertebrae is a dorsoventrally compressed oval. Behind the pectoral 
area, the dorsal edge of the condyle tends to be flattened, while 

the ventral is more rounded. In the two or three presacral vertebrae 
and in the sacrum the condyle is more pronounced and laterally 
elongate. Caudosacrals and the first two or so haemals have a gondyle 
formed as in the trunk, although smaller. In the remainder of the 
caudal region the condyle is circular, with a tendency to be higher 
than wide. 

Throughout the column, the condyle has the anterior face at an 
angle when viewed laterally, such that the dorsal rim is anterior to 
the ventral. This is especially evident in the trunk vertebrae between 
the two limb girdles. Posterior to the condyle a ventral flange 
extends laterally and projects somewhat forward. This is best 
developed in Tl, from which point it gradually decreases in size. It 
is present on all trunk vertebrae, but is lacking from the sacrum and 
the caudosacrals (compare Triturus vulgarts). 

The posterior cotyle reflects the shape of the condyle, with which 
re articulates. -The cavity is shallow with a flattened anterointernal 
surface. Throughout the column, but especially in the trunk and haemal 
vertebrae, the ventrolateral and ventral rim of the cotyle is posteri- 
orly extended. 

2. Hypapophyseal structures.- The ventral flange found in association 
with the condyle has been noted. A low, robust subcentral keel is 
Peer on the immediately postpectoral vertebrae (about T4 through 


T9). The other trunk vertebrae tend to lack this keel or have it only 
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faintly developed. It is most evident in large individuals. Other 
than this, hypapophyses and basapophyses are lacking. 

A small, weak haemal arch is developed on the second postsacral 
vertebra. This structure increases progressively in size and 
elaboration until, by H4, it is fully developed. The haemal arch comes 
to mirror the neural arch, and has a haemal canal that is higher than 
wide. A well-developed haemal crest extends ventrally, much further 
than does the neural crest dorsally. A haemal aliform process occurs 
posteriorly, mirroring the aliform process of the neural arch above. 
This structure is present posteriorly to the most posterior few caudals. 
3.. Neural arch.- The neural canal is large and high in Tl. Posteriorly, 
it becomes progressively smaller and lower. In the midtrunk region it 
is somewhat wider than high and the roof is arched above the canal. 
Presacrals and the sacrum show increase in the size of the canal, which 
then progressively decreases in size. In the sacral and postsacral 
region the canal is about as high as wide, and gently rounded dorsally. 
Notophthalmus lacks the lateral crests associated with the zygapophyses 
that widen the roof of the neural arch in other newts (especially 
Triturus vulgaris and, to a lesser degree, Tartcha). The arch is not 
excavated between the anterior zygapophyses. 

4. Neural crest and hyperapophysts.- The neural crest is a tall, robust 
plate with a vertical anterior border and a flat dorsal border. It 
extends almost the entire length of the neural arch. Dorsally, the 
crest is capped by a rugose, laterally expanded plate, especially 
well-developed in the pectoral region, but present back to the pre- 


sacral area in larger individuals. The plate is lacking behind the 
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sacrum, although the neural crest undergoes an increase in height in 
the first part of the caudal series. This plate is only seen in 
metamorphosed adults. 

A well-developed, high aliform process is present throughout the 
column. It is relatively shallow, however, and capped dorsally by a 
posterior continuation of the dorsal plate of the neural crest). lhe 
high neural crest and aliform process are associated with the hyper- 
apophyseal muscles, which arise on the lateral edge of each neural 
crest and extend anteriorly to the posterior, vertical rim of the 
aliform process of the next anterior vertebra. The dorsal plate does 
not, however, serve for attachment of trunk musculature, presumably 
being a defensive structure. 

o. Transverse processes.- Excepting Tl through T3, the two presacrals, 
and the sacrum, the transverse processes are of relatively constant 
development in the trunk. They are bicipital with gently diverging 
arms and located below the level of the zygapophyses (contrast 
Triturus vulgaris). The rib-bearers of the anterior vertebrae (Tl to 
T3) are conspicuously more robust than those of the other vertebrae. 
Presacrals lack the dorsal arms, but a high flange extends dorsally 
and slightly posteromedially from the ventral arms. All vertebrae up 
to and including the sacrum have small, but robust, posterior or 
posteromedial projections from the webbing that connects the rib-bearers. 
The transverse processes slant dorsally in a posteromedial direction. 
Distinct ventral lamellae are present throughout the trunk. Posterior 
to T2 these project forward in a manner foreshadowing the condition 


of Stren (q.v.). 
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The single caudosacral vertebra has robust transverse processes 
and ventral lamellae. Only the ventral rib-bearers are present, 
bearing thick, low ridges on their dorsal surfaces. The first haemal 
has robust, unicipital transverse processes with distinct ventral 
lamellae and small dorsal ridges. There is progressive, gradual 
decrease in the transverse processes posteriorly. pOseLdiey to H4 
or HS the transverse processes are short, but elongated antero- 
posteriorly. Traces of these processes are present until the most 
posterior areas of the tail. 

Very small, often multiple, vertebrarterial canals pierce the 
ventral rib-bearers throughout the trunk. 

6. Zygapophyses.- Prezygapophyses are relatively small, lateral exten- 
sions of the wall of the neural arch. They increase in size posteri- 
orly from the second cervical and also come to be more pronounced 

and laterally raised. Facets are elongate ovals (sometimes almost 
teardrop-shaped), which are positioned anterolaterally. Dorsolateral 
deflection of the facets is most marked in the midtrunk region, and 
decreases anteriorly and posteriorly. 

Postzygapophysis mirror the prezygapophyses. Zygapophyses are 


present until the posterior third or quarter of the caudal series. 


Trtturus vulgarts (Linnaeus 1758) 
Spectmens.- Six skeletons (UA 14384-14389) and eight cleared and 


stained specimens (UA 14472-14479). 


ATLAS (see Fig. 20). Anterior cotyles are somewhat more widely 


separated than in Triturus cristatus. Facets are subcircular, but 
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quite variable in shape. In contrast to those of 7. ertstatus, which 
reece than high, the facets are slightly higher than wide. The 
articular surfaces are small and flat, located ventrolateral co the. 
neural canal. The odontoid process is eter chentee and narrower 
than ins]. crtstatus. It is thin and ‘gently Sais dorsally, for the 
passage of the nerve cord. Less of a neck is developed posteriorly 
and the ventrolateral facets are relatively larger than in 7. cristatus. 
The posterior cotyle is small and subcircular, tending to lack the 
dorsal flattening seen in 7. crtstatus. The rim is generally level, 
although there may be a ventral extension in some individuals. The 
cotylar cup is deep and the chordal area is plugged with calcified 
tissue, forming a flat anterointernal surface. Basapophyses are 
lacking and the ventral surface of the centrum is smooth, although 
irregularly pierced by small subcentral foramina. 

The neural canal is a large diamond-shaped opening. The arch is 
basically as in 7. cristatus, but with several modifications. The 
walls are somewhat longer, and the roof of the arch lacks a low, 
thickened boss. The hyperapophyseal area rises dorsally, but is 
excavated by a shallow notch. Spinal nerve foramina pierce the 
anterior cotyles through the posterodorsal margins. Postzygapophyses 
are small, elongate ovals or teardrops, but are much less antero- 
posteriorly extended than in 7. crtstatus. The lateral borders are 
raised. 

Transverse processes are absent, but a lateral flange is present 
on the anterior part of the neural arch, just behind each anterior 


cotyle. 
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SECOND CERVICAL (Tl). The front of the centrum is provided with a 
well-developed, rounded condyle of granular calcified tissue, subcircu- 
lar in anterior view. Posterior to the condyle is a ventral projection 
from the centrum. The posterior cotyle is subcircular and slightly 
wider than high. The cotyle is deep and lacks infilling along the 
internal walls, whereas the chordal area is plugged by calcified 
tissue. Smaller specimens tend to have a pair of large, irregular 
subcentral foramina. fete ends iauate have the ventral surface of 
the centrum solid and smooth, as in 7. crtstatus. Excepting the 
anterior projection, hypapophyseal structures are not developed. 

The neural canal is large, about as wide as high. The canal is 
squarish in anterior view, but with the roof gently arched. The large 
Size of the neural canal gives the vertebra a relatively high, 

"chunky" appearance, in contrast to the lower, more elongate second 
cervical of T. crtstatus. With the presence of lateral flanges joining 
the zygapophyses to the transverse processes, the former are more or 
less ne neponitel into the roof of the arch, which, therefore, resembles 
a rectangle in dorsal view. The roof is not excavated between the 
prezygapophyses, but extends anterior to or almost to the anterior 

edges of the Se Ce 

The neural crest is a thin, dorsally produced plate rising above 
the aliform process and ending anteriorly just behind the edge of the 
roof of the neural arch. The hyperapophysis is developed into a small, 
but distinct, aliform process. At its apex is a vertical flange. No 
true floor (as in Szren) to the morn mrocees is present, aehoushein 


larger individuals a small, posteromedial flange underlies each of the 
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arms of the aliform process. A very small foramen pierces the arch 
wall anterior to the origin of the dorsal rib-bearer on either side, 
In contrast to 7. crtstatus, the large posterior pair of foramina are 
lacking, although the arch may be slightly excavated posteriorly, 
just above the centrum. 

As noted, prezygapophyses are incorporated into the neural Bech 
They lack auxiliary supports and buttresses. Facets are small and of 
variable shape, being teardrops, ovals, or subcircular. Postzyg- 
apophyseal facets are vaguely teardrop-shaped, positioned antero- 
posteriorly with the lateral borders tilted upwards. 

Transverse processes are relatively longer and more robust than 
in 7. crtstatus. They are bicipital with a web of bone joining the 
arms out to the distal tips. The transverse processes originate just 
anterior of the midpoint of the neural arch. Ventral arms attach to 
the centrum by means of thick ventral lamellae and extend postero- 
laterally in the horizontal plane. Dorsal arms are of greater diameter 
than the ventral ones. They extend posterolaterally and dorsally from 
the walls of the arch. In some specimens a low flange is found along 
the posterodorsal surface of the dorsal arm. This extends dorsally 


and joins to the neural arch medially. 


TRUNK VERTEBRA (T8, see Fig. 21). The anterior condyle is robust, 
projecting to the anterior edge of the prezygapophyses. The condyle 
is a dorsoventrally compressed oval. In larger individuals the 
anterior face is rounded, whereas smaller specimens have it flattened. 
The neater ior cotyle is also dorsoventrally compressed, lacking 


infilling, and with the chordal plug relatively far forward. The — 


= 


fea Latean ake, oti Restate 
‘Sy bee Tisea wie 22000 
( 
MmeENsVt SEBsRS Teo Fe 
; e, as ¥) ‘ an es i 
eerste Sate it tcag., egaae “ert Staes. 
ahora) BST srebtod 
wed Faudot ovina hos 1g pu we akan le’ 
shid anbabet eaed te wow eg Aahy detigeabs ee. ‘ alt 8 wt 
hay eo va 
Suri etuntyhrs wornesityg oni ane inn vt 6 
“he Pie Ven a) 
A 


yt 
'* 


y a 


OF Hoes I4 - BTS fecsoo’  .Aite Vee: od her ew 
«oreteay histhe bre en tlepal nies aden 
repsaekh yereony Fo OVE EA fawsat: ea ats at : | xh 
ooxrt eftenred. bin ef tnvosadeniyeieat maine” : fesiny 4 P 
heli haved? ct wanes, wales | ere ada! deg, — 
qtlersel xbnades euth inte tenet ‘ait seen) 


ay s 


tenet ab sigan sottene San’ ti ae don on 


\ 


aitubinion sat psitiotronug easy wet +o oat qyizesaa shh re 
Sire A 
ent | eheowl ho itent forest at . Roe bersergens yilarsaey 
fice 
bebaae te yh eivest ahoumiougy wei leak Rae balnues ak so 70 


an Tidal ehlatiaoronaah aaly ai gant rol 


dorsal rim is somewhat flattened and slightly excavated. Several 
irregular subcentral foramina are present. Hypapophyseal structures 
are lacking, notably the anteroventral projection described in Tl. 

The neural canal is smaller (proportionally and absolutely) than 
that of the second cervical. The canal is wider than high and the 
roof is swollen above. Well-developed lateral flanges connect the 
zygapophyses to the transverse processes, but to a lesser extent than 
insti. the neural crest is plate-like, extending to the level. of the 
top of the aliform process, which is well developed and relatively 
high. This lacks a floor (contrast Stren) in smaller individuals, 
but larger ones have longitudinal Annee on the, inner walls of the -: 
aliform process, or a small floor anteriorly. Spinal nerve foramina 
pierce the walls of the arch just behind the origin of the transverse 
process on arene side. Prezygapophyseal facets are similar in shape 
to those of 7. crtstatus, but somewhat less elongate. They are 
incorporated into the neural arch and barely extend beyond the front 
of it. They are slightly raised laterally and extend from the wall 
of the arch. Postzygapophyseal facets are more or less horizontal, 
wide posteriorly, and elcngate anteroposteriorly. The forward part 
is narrower than the posterior and the facet may or may not be 
teardrop-shaped. 

Transverse processes are well developed and distinctly bicipital 
with a web of bone Aa OtAT the arms. The dorsal arms are longer, 
extend somewhat further posteriorly, and rise posterodorsally in 
contrast to the ventral. The ventral arms are provided with 


well-developed ventral lamellae, which arch anterolaterally. The web 
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of bone joining the rib-bearers has a single posteriorly projecting 
spike on either side, correlating with the insertion of a block of 


subvertebral muscles (q.v.). No vertebrarterial canal is evident. 


SACRUM. Of the available specimens of metamorphosed individuals 
(adult and subadult) one had T15 as the sacrum, in nine T14 was the 
sacrum, and one had T13 as the sacrum. Of the available larvae, all 
had T14 as the sacrum. Except for the increase in diameter of the 
rib-bearers, the sacrum is as the preSacral trunk vertebrae. 

The condyle is a slightly rounded, dorsoventrally compressed 
oval, with a small, but distinct, neck behind the head. The posterior 
cotyle is, as in the trunk series, oval, with slight excavation of 
the dorsal and, to a lesser extent, the ventral rims. A pair of 
subcentral foramina is usually present. There is no hypapophysis, the 
ventral surface being smooth from condyle to cotyle. 

The neural canal is large, but net significantly larger than 
those of the presacrals. The arch is slightly swollen and the lateral 
flanges joining zygapophyses to transverse processes are well developed, 
producing a rectangular roof. The neural crest is large, as high or 
higher than ce Fee of the aliform process. “The latter is as in the 
trunk series. Foramina for the nerves are not notably larger than 
those of the preceding trunk vertebrae. They pierce the walls of the 
arch immediately behind the transverse processes and open almost 
directly posteriorly. Prezygapophyses are more distinct from the arch 
than in the trunk series. Facets are anterolaterally elongate ovals, 
nereOwine somewhat posteriorly. They originate about a third of the 


way down the neural arch wall and are tilted dorsolaterally. 
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Postzygapophyseal facets are of variable shape, being irregular circles 
or broad teardrops. They are less elongate than the prezygapophyseal 
facets, but correspondingly inclined. 

Transverse processes differ from those of the trunk region in the 
marked increase in the diameter of the rib-bearers. Ventral lamellae 
are present, although less anteriorly projecting in comparison to 
those cf the presacrals. Posterior projecticns from the bony webs 


seem to be lacking, as they are from the presacrals. 


HAEMAL VERTEBRA (H3). The condyle is gently rounded and slightly 
compressed dorsoventrally. The cotyle is subcircular with the dorsal 
rim somewhat flattened. Infilling is lacking, but calcified tissue 
plugs the chordal tel The haemal arch is an approximate image of 
the neural arch, but lacks analogues of the zygapophyses. The haemal 
canal is circular in anterior view and small. The haemal crest is 
deeper and shorter than the neural crest. The haemal process is long, 
forming an aliform process similar to, but larger than, that of the 
neural arch. A lateral crest curves antercdorsally from the lateral 
edge of the haemal aliform process to join with the ventral edge of 
the transverse process on each side of the vertebra. 

The neural canal is of average size, approximately as wide as 
high. The roof of the arch is gently, but distinctly, swollen 
medially. As in the more anterior vertebrae, the lateral flanges 
connecting the zygapophyses to the transverse processes are well 
developed. The neural crest is high and plate-like, extending forward 
to the level of the prezygapophyseal facets. The anterior border of 


the crest slopes posteriorly. The hyperapophysis extends into a high, 
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shallow aliform process, which in larger specimens has a small floor 
developed anteriorly. Foramina for the exit of spinal nerves are not 
always present on both sides of the arch. Prezygapophyseal facets 
are long ovals, which are narrower posteriorly than anteriorly. They 
are raised laterally and extend anterolaterally. Postzygapophyseal 
facets are elongate, irregular ovals, positioned anteroposteriorly 
with little displacement from the horizontal. 

The transverse processes are deep, short, plate-like extensions 
from the centrum and walls of the neural and haemal arches. These 
plates proceed posterolaterally, are smooth anteriorly, and attach to 


the centrum posteriorly by a honeycomb of bone. 


VARIATION ALONG THE COLUMN. 12. Condyles and cotyles.- The condyle of 
Tl is circular and anteriorly rounded, with a ventral and ventrolateral 
flange posterior to it. This flange perhaps functions to restrict 
movement of the atlas on the second cervical. None of the remaining 
vertebrae have this flange associated with the condyle. The condyle 
of the following trunk vertebrae is dorsoventrally compressed. Except 
for the final two or three presacrals, which are compressed dorso- 
ventrally, the trunk vertebrae from T4 on have only the dorsal border 
of the condyle compressed. 

In the presacrals, sacral, caudosacrals, and haemals the condyle 
is compressed dorsoventrally. In the haemal vertebrae the condyle is 
somewhat rounded ventrally, however. 

The shape of the posterior cotyle reflects that of the corre- 
sponding condyle. No infilling is evident, but the chordal foramen 
is plugged. The cotylar cup is deep, with a flattened anterointernal 


surface and excavation of the dorsal rim. 
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2. Hypapophyseal structures.- Hypapophyseal structures in the form of 
subcentral keels and basapophyses are lacking. In the tail, a haemal 
arch is present. The second postsacral vertebra has a simple ring of 
bone posteriorly, representing the first haemal arch. This is 
progressively elaborated through H2 and H3. From here posteriorly, 
the arch is fully developed and extends most of the length of the 
eoierant The haemal canal is large and approximately triangular in 
anterior view. 

A large haemal crest, similar to the neural crest above, is 
present, but it extends anteriorly to the edge of the haemal arch. A 
distinct aliform process is present at the rear of the crest. Lateral 


flanges extend anterodorsally from the lateral edges of the haemal 
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aliform process to the bases of the transverse processes. Midlaterally, 


a large foramen pierces each haemal wall. 

3. Neural arch.- The neural canal is large throughout the column. In 
the middle of the trunk it is somewhat wider than high. The first few 
trunk vertebrae have an enlarged, high neural canal, but there is no 
marked increase in the sacral region, in contrast to most other 
salamanders. In the haemal series the neural canal decreases in size, 
but retains the same general configuration as in the trunk. 

The neural arch is gently swollen, especially between the prezyg- 
apophyses. In dorsal view the roof of the arch appears rectangular, 
owing to incorporation of the zygapophyses into the neural arch and 
the development of lateral flanges connecting them to the transverse 
processes. These zygapophyseal crests are especially well developed 


in the sacral area. 
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The spinal nerves exit intravertebrally. Foramina in the atlas 
and Tl have been described. In T2 these foramina are variable: a 
Single large foramen on either side; a double foramen; or a simple 
posterior notch cut in the neural arch may be present. This results 
in a vertebra often having different situations in either wall. 
Nevertheless, the exits are always posterior of the transverse 
processes, aS is the case in the remainder of the column. 

4. Neural crest and hyperapophysts.- The crest is of typical newt 
form: a high, relatively thin plate extending most of the length of 
the neural arch. It is not as high as in some other newts (e.g., 
Notophthalmus), but does bear a flattened plate dorsally. In the 
postpectoral region the crest is lower, but there is increase in 
height in haemal vertebrae. The dorsal surface of the crest is 
generally horizontal, running forward from the top of the aliform 
process. In the haemals, the crest is shorter and somewhat higher. 

A well-developed, relatively shallow aliform process forms the 
hyperapophysis along the column. In the atlas and first two or three 
trunk vertebrae an irregular, vertical flange is present in the apex 
ofithe-ahiform process-;? Posterzonm taitnese, ithere7s,.a short, 
shelf-like projection ventrointernally under the aliform process. 
This shelf drops out in the sacral region, but is partially developed 
in the haemal series. 

5. Zygapophyses. - Prezygapophyseal facets are teardrop-shaped and 
large. They are strongly tilted dorsolaterally in the first few trunk 
vertebrae, but become almost horizontal in the midtrunk region. Post- 


Ssacrally there is a slight increase in dorsolateral inclination of 
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these facets. Postzygapophyseal facets tend to be teardrop-shaped, 
with their size, shape, and orientation reflecting that of the 
prezygapophyses with which they articulate. 

6. Transverse processes.- Throughout the trunk the ventral rib-bearers 
are short and of lesser diameter than the dorsal. Rib-bearers are 
relatively short and extend posterolaterally, with the dorsal arms 
Situated: posterior-to the ventral. This causes the distal edges of 
the transverse processes to Slant posterodorsally in lateral view. 
Ventral rib-bearers extend posterolaterally and horizontally, whereas 
the dorsals extend posterodorsolaterally, thus producing distinctly 
bicipital transverse processes. The rib-bearers are connected by a 
web of thick bone, which extends a short distance beyond the distal 
ends of the dorsal and ventral arms throughout the trunk. 

The diameter of the arms of the transverse processes decreases 
from Tl up to the sacrum. The arms in the presacral region are of 
small diameter. Posterior to the pectoral girdle the bony web between 
the rib-bearers has a posteriorly projecting spike distally. This 
spike becomes small in the presacrals and is lacking from the sacrun, 
caudosacrals, and haemals. Muscle fibers originate on the anterior 
face of one transverse process and converge anteriorly onto the spike 
(see below). 

The single caudosacral has unicipital transverse processes with 
only the ventral ans developed, although not bearing ribs. A 
well-developed plate extends posterodorsally from this "rib-bearer," 

Ventral lamellae are present on all trunk vertebrae, although 


they are less extensively developed on Tl, T2, and the sacrum. The 
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caudosacral has a large, flat ventral lamella on either side, presum- 
ably owing to the presence of the cloaca. The ventral rib-bearers are 


generally pierced by a very small vertebrarterial canal. 


Trtturus ertstatus (Laurenti 1768) 
Spectmens.- Eleven skeletons (UA 14392-14402) and five cleared and 


stained specimens (UA 14481-14485). 


ATLAS. The anterior cotyles are close together, with their dorso- 
lateral edges inclined posteriorly. Articular facets are irregular 
circles, varying somewhat from specimen to specimen, and sometimes from 
Side to side on a single individual. The surfaces are flat, relatively 
small, and positioned beneath the neural canal. The odontoid process 
is small, but well developed. It is long and narrow, thin and 
dorsally concave, and located approximately midway down between the 
cotyles. There are two ventrolateral facets, which join to the inner 
Surfaces of the occipital condyles. The postemor cotylewissmail 
and subcircular, but with the dorsal edge slightly flattened. The 
cup is deep and infilling absent, although the chordal area is plugged 
anteriorly, forming a flat surface. Basapophyses and hypapophysis 
are lacking. 

The neural canal is a large, dorsoventrally flattened oval in 
anterior view. The neural arch arises from the posterior parts of 
the anterior cotyles and the dorsolateral walls of the centrum, and 
extends dorsomedially. Spinal nerve foramina pierce the neural arch 
and anterior cotyle, one on either side. Just behind each foramen 


is a flange along the external surface of the arch. The neural crest 
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is represented by a low ridge running the length of the roof of the 
arch. The roof is thickened on either side of the crest so as to 
produce a low, rough boss. The roof is not excavated posteriorly as 
in other Triturus (i.e., T. alpestris, T. marmoratus, T. vittatus, 
and 7. vulgaris). The hyperapophysis is provided with a pair of 
complex, posteriorly facing facets, each rising dorsally and slightly 
medially from one of the posterior zygapophyses. The facets meet 
medially, at which point there is a small vertical flange separating 
them. The internal surface of each wall of the arch bears a small 
median projection above the centrum. This projects either horizon- 
tally or dcorsomedially. . Postzygapophyseal facets are markedly 
elongate teardrops, which extend anteroposteriorly. The lateral edges 
are upturned. 

Transverse processes are lacking, but a lateral flange is 


Situated just posterior to each anterior cotyle. 


SECOND CERVICAL (T1). The condyle is a laterally compressed oval in 
anterior view, with a low ridge about the circumference and the 
anterior end gently rounded, but terminally flattened. The posterior 
cotyle is a horizontally extended oval with the dorsal and ventral 
borders slightly flattened. The dorsal rim is anteriorly excavated. 
There is no infilling, but the chordal area is plugged by calcified 
tissue. Hypapophysis and basapophyses are absent. 

The neural canal is large with a strongly arched roof. The roof 
can have a narrow, posteriorly extending excavation between the 
prezygapophyses, but its presence and development are variable. The 


foramina for the spinal nerves are large, piercing the arch wall just 
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behind the transverse process on either side; in addition, small 
foramina are present anterior to the transverse processes. The neural 
crest is a low, narrow ridge extending the length of the arch. It 
rises to a high point in the centre of the roof and slopes posteriorly 
from there. A small ridge sometimes separates two posteroventral 
facets in this area. This ridge appears to be a function of age, 
bicge individuals possessing the structure. Prezygapophyseal facets 
are elongate teardrops, extending anteroposteriorly, and with the 
lateral edges slightly raised. Postzygapophyseal facets are long 
teardrops positioned anteroposteriorly and with the outer edges also 
raised. A small foramen pierces the arch just below the posterior 
edge of each prezygapophysis. 

Transverse processes are short and robust. They are distinctly 
bicipital, widely separated, and the arms are joined by a web of bone. 
The dorsal arms originate from the middle of the arch, while the 
ventral arise from the anterior cotyle, just behind the point at which 
the condyle attaches. The arms are usually in the same vertical 
plane, although the ventral arms are occasionally anterior to the 
dorsal. Small posterior alar processes are present, pierced by a 


pair of small subcentral foramina. 


TRUNK VERTEBRA (T7, see Fig. 21). The condyle is large, projecting 
almost to the front of the prezygapophyses. In anterior view the 
condyle is a dorsoventrally compressed oval. The front surface is 
flattened or slightly concave. There is a low, thick rim about the 
eeiayis anteriorly. The cotyle is a large oval with the dorsal border 


flattened. The lateral and, especially, the ventral rims form a cup 
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for the condyle of the following vertebra. The cotyle is not infilled, 
but the chordal area is plugged, producing a flat anterointernal 
surface. Hypapophyseal structures and basapophyses are lacking. 

The neural canal is small, triangular in anterior view, and the 
roof of the arch slants on either side of the median. Small foramina 
for the spinal nerves pierce the walls of the neural arch just behind 
the origin of each transverse process. A low triangular neural crest 
occupies the middle half of the roof. The roof rises above the 
postzygapophyses and bears ventrally a pair of indistinct facets 
separated by a low median ridge. The hyperapophyseal area ends 
posteriorly in a pair of gently convex edges. In large individuals 
a pair of projections may extend posteriorly, each one dorsomedial to 
one of the postzygapophyses. Prezygapophyseal facets are oval or 
teardrop-shaped, positioned anteroposteriorly, and the lateral edges 
extend dorsally. Postzygapophyseal facets mirror the prezygapophyses. 
A distinct lateral flange runs along the arch on either side, joining 
the zygapophyses to the transverse processes. 

Transverse processes are short and distinctly bicipital. Dorsal 
and ventral arms originate midvertebrally, angle posterolaterally, 
and are weakly divergent with a web of bone between. Both arms are 
in a single vertical plane, the dorsal extending slightly beyond the 
ventral. Ventral arms are slightly greater in diameter than the 
dorsal. Small ated struts brace the tranverse processes, one 
anterior and one posterior, with a large subcentral foramen on either 
side of the centrum. A small vertebrarterial foramen pierces the 


ventral arm of each transverse process next to the centrum. 
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SACRUM (T16). The anterior condyle is short and, in anterior view, a 
large dorsoventrally compressed oval. The anterior surface is slightly 
concave and is surrounded by a low rim. The posterior cotyle is a 
dorsoventrally compressed oval with a flat dorsal surface. The ventral 
rim extends slightly posteriorly. Infilling is absent, but a plug of 
calcified tissue fills the chordal area, forming a flat anterointernal 
Syintess Hypocentral structures are lacking. A number of irregular 
subcentral foramina are present on either side of the centrum. 

The neural canal is high, appearing triangular in anterior view. 
The foramina for the exit of the sacral nerves are large and located 
just behind the transverse processes, one on either side of the arch. 
The neural crest is a long, low triangle occupying the second quarter 
of the length of the arch. The arch rises posteriorly and bears a 
pair of indistinct facets ventrally between the postzygapophyses. 
Prezygapophyseal facets are elongate ovals, extending anteriorly and 
Slightly laterally. The facets are slightly tilted from the horizontal 
and are situated well below the top of the neural arch. Postzyg- 
apophyseal facets are irregular ovals, extended anteroposteriorly, 
and with the lateral edges deflected dorsally. 

Transverse processes are long and robust, originating midverte- 
brally, and forming acute angles with the centrum. The arms are 
robust and filled with calcified cartilage. Dorsal arms are of 
somewhat greater diameter than the ventral, but both are of the same 
length and are aligned in a single vertical plane. Small ventral 
lamellae are present on the ventral arms, and the tranverse processes 


are pierced by small vertebrarterial canals. 
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HAEMAL VERTEBRA (H3). A well-developed condyle projects a short 
distance past the centrum. It is a dorsoventrally flattened oval with 
a flat anterior surface and a low, distinct rim. The posterior cotyle 
is subcircular with a flattened dorsal rim and the ventral rim 
extending somewhat posteriorly. Infilling is absent, but the chordal 
area is plugged with calcified cartilage as in the trunk series. A 
large haemal canal is enclosed by a haemal arch arising from the 
posterior three quarters of the centrum. The arch extends postero- 
ventrally and bears a small triangular crest and haemal aliform 
process. 

The neural canal is high and tN with the roof strongly arched 
above. A small foramen for the spinal nerve is present in the wall 
behind each transverse process. The neural crest extends the length 
of the arch, running straight forward from the rear of the arch, then 
sloping down to between the prezygapophyses. The hyperapophysis is 
present as a small, but distinct, aliform process above the postzyg- 
apophyses. The resulting facets face posteromedially. Prezygapophy- 
seal facets are teardrop-shaped, positioned anteroposteriorly, and the 
lateral edges are raised. Postzygapophyseal facets are small, 
elongate teardrops extending anteroposteriorly in the horizontal 
plane. 

Transverse processes are unicipital, in the form of thin vertical 
plates attaching eerie neural arch and centrum and extending postero- 


laterally. Posterior alars form irregular ventral lamellae, pierced 


by numerous foramina. There is a small vertebrarterial canal on either 


side, 
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VARIATION ALONG THE COLUMN. 1. Condyles and cotyles.- A short anterior 
condyle is formed along the column, but there is not a ball-and-socket 
joint as seen in procoelous lizards or frogs. Rather, the notochordal 
tissue remains in the joint, the condyle serving to strengthen and 
prevent disarticulation. The condyle is surrounded by a rim, which 
fits into the preceding cotyle. Tl has a small condyle compressed 
dorsoventrally and with a gently convex anterior surface. In the next 
few vertebrae the condyle is subcircular and the anterior surface 
gently concave. The rim is retained. After T4 or TS the condyle is 
oval and the anterior surface remains concave. The remainder of the 
trunk vertebrae to the sacrum retain this form of condyle, with the 
most posterior trunk vertebrae and sacrum having the dorsal edge 
flattened. This structure obtains through the postsacral and into the 
haemal series, with the dorsal part of the condyle tending to be 
further anterior than is the ventral. In the more posterior haemals 
the condyle becomes circular. In smaller individuals the most 
posterior haemals are amphicoelous. 

The posterior cotyle forms a cylinder to grip the rim of the 
anterior condyle and to enclose the notochordal tissue. The cotylar 
cup has smooth internal walls and an anterointernal flattened surface 
formed of the calcified tissue that is plugging the chordal area. 

The atlantal cotyle is weakly oval, the long axis dorsoventral. That 
of T2 is a large dorsoventrally flattened oval. Dorsal and ventral 
surfaces are slightly flattened and the rim is not posteriorly extended. 
Posteriorly along the column the dorsal surface of the cotyle is 


flattened, correlating with the structure of the corresponding condyle. 
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The dorsal rim of the cotyle is anteriorly excavated to a minor degree. 
This situation obtains throughout the remainder of the trunk vertebrae, 
the sacrum, and the postsacrals. The cotyle of the haemal vertebrae 
is circular, with the rim of equal extent on all edges. 

2. Hypapophyseal structures.- Hypapophysis and basapophyses are 
lacking throughout the trunk. The haemal arch is present from the 
second or third postsacral on. In males the first haemal arch bears 

a posteroventrally projecting spine, whereas females tend to have the 
first haemal arch developed as a simple semicircle of bone attaching 
to the most posterior part of the centrum. There are, however, inter- 
mediates. The following haemals possess a crest, haemal process, and 
the arch extends anteriorly to arise along the ventrolateral edges of 
the centrum. . The arch resembles the corresponding neural arch, except 
for the absence of zygapophyses and lesser extent posteriorly. A 
haemal arch is present until the last three or four caudal vertebrae, 
which are simple, amphicoelous spools. 

3. Neural arch.- Spinal nerve foramina are present in all vertebrae. 
Small foramina pierce the atlantal neural arch posterodorsal to the 
anterior cotyles. The foramina are buttressed posteriorly by low, 
robust ridges. In Tl there are small anterior and larger posterior 
foramina. From here decrease in the size of the posterior foramina - 
occurs until, in the last trunk vertebra and sacrum, they greatly 
enlarge for the nerves associated with the pelvic girdle and limbs. 
Only Tl has foramina anterior to the transverse processes. Small 


foramina are retained through the postsacral and haemal vertebrae. 
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The neural canal is large in the atlas and Tl. There is then a 
Steady decrease in size until the midtrunk region, where the canal 
increases, becoming maximum in the sacrum. The roof of the Hecke arch 
is swollen and extends anteriorly, almost covering the anterior condyle 
when the vertebrae are viewed dorsally. However, there is an open 
groove excavated in the anterior part of the roof between the prezyg- 
apophyses of the first few vertebrae of some specimens. Tl through 
T4 may have this rau deren only Tl may have it developed, or it may 
be lacking from the column. 

4, Neural crest and hyperapophysts.- A low ridge often occupies the 
anterior half of the roof of the atlas, but this is dwarfed or 
obliterated by a large, thick boss covering the neural arch dorsally. 
The neural crest of Tl runs almost the length of the roof, but is low, 
the highest point being midway along the neural arch so as to form a 
low triangular spine in lateral view (contrast 7. vulgaris). In T2 
this crest is as in Tl. Throughout the remainder of the column the 
crest is of less longitudinal extent, but of the same relative height 
as in Tk andyT2)\,Im-the ast trunk vertebra and in the sacrum the 
crest is a low triangle, occupying the second quarter of the roof of 
the neural arch. Postsacrally there is a marked increase in the height 
of the crest, which extends straight anteriorly from the top of the 
hyperapophysis, then slopes steeply to behind the front of the neural 
arch. The neural crest of the trunk region is similar to that in 
Salamandra, being markedly different from those in other species of 


Triturus and related newt genera. 
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Aliform processes are lacking from the trunk vertebrae, sacrum, 
and postsacrals, but are present in the atlas and haemal vertebrae. In 
the trunk vertebrae the rear of the arch rises above the postzygapoph- 
yses and terminates in a pair of horizontally projecting posterior 
lobes as in Salamandra. The atlantal hyperapophysis is represented by 
a pair of deep facets rising dorsomedially from the postzygapophyses 
and separated by a vertical median ridge of bone. In the haemal 
series the aliform process forms a gently curving, V-shaped structure 
above the postzygapophyses. This encloses a posteriorly directed, 
shallow facet. This condition obtains until the most posterior 
caudals. 

5. Zygapophyses.- Throughout the column prezygapophyses are closely 
appressed against the sides of the neural arch and project anterior of 
the end of the arch. Prezygapophyseal facets are irregularly 
teardrop-shaped, excepting in the haemal series where they tend to be 
oval. Facets are sharply tilted from the horizontal and extend antero- 
laterally. 

Postzygapophyseal facets are variable and smaller than the corre- 
sponding prezygapophyses. Atlantal zygapophyses are narrow, elongate 
teardrops. Postzygapophyses of the trunk are variably teardrop-shaped, 
sometimes being approximately diamond-shaped. Facets extend antero- 
posteriorly and posterolaterally, and are inclined from the horizontal. 
Zygapophyses are present in all but the final six or seven caudal 
vertebrae. 

6. Transverse processes.- Transverse processes are lacking from the 


atlas. Those on Tl are short, relatively robust, and deflected 
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posteriorly. Veathat arms originate just behind the anterior condyle 
and extend horizontally. The larger dorsal arms originate above the 
ventral and diverge dorsally. The arms are in a single vertical 
plane, connected by a web of bone, and with the dorsal arms extending 
slightly further posteriorly than the ventral. Both arms are filled 
almost to their distal ends by calcified tissue. 

Posteriorly along the column, the following changes take place: 
transverse processes shift their origins posteriorly and attach 
midvertebrally; dorsal and ventral arms become thinner and (at about 
T3) the ventrals are of greater diameter than the dorsals; the arms 
become less divergent, until, in the most posterior part of the trunk, 
they parallel one another, although remaining bicipital; transverse 
processes of the immediately presacral vertebrae are thin, delicate 
structures. 

Dorsal and ventral arms are in a common vertical plane throughout 
the column and small, but distinct, ventral lamellae are present on 
the ventral arms of all trunk vertebrae. In the more posterior trunk 
region a small ridge extends along the anterior face of each transverse 
process just below the dorsal arm. This ridge extends onto the neural 
arch and blends into the base of the prezygapophysis on either side. 
Except in the second cervical, ventral lamellae are pierced by large, 
irregular subcentral foramina. The vertebrarterial canals are small 
throughout the column. On Tl the ventral lamellae are robust plates 
of teas imparting a triangular appearance to each transverse process 
in ventral view. Farther back, lamellae become progressively less 


robust. In the midtrunk region, and hence posteriorly, a pair of large 
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subcentral foramina is present on each vertebra. These become so 
large as to all but obliterate the ventral lamellae, reducing the 
latter to anterior and posterior struts joining each ventral arm to 
the centrum. 

Sacral transverse processes are large and strongly inclined 
posteriorly. The dorsal arms are of greater diameter than the ventral. 
One or two postsacral vertebrae are present, with long, thin transverse 
processes, in which the dorsal arms are absent and the ventrals do 
not bear ribs. The second or third vertebra behind the sacrum bears 
the first haemal arch; its transverse processes are long, thin, and 
unicipital. In the next five or six haemals, the transverse processes 
are thin, vertical flanges of bone projecting posterolaterally from 
the centrum. These flanges are reduced along the haemals to finally 
disappear, leaving the centrum with irregular networks of spongy bone 


laterally. 


viii) Family Sirenidae Gray 1825 
Stren Linnaeus 1766 
Spectmens.- One skeleton (UA 14404) of Stren lacerttna and one cleared 


and stained (UA 14486) Stren tntermedtia. 


ATLAS (see Fig. 11). Anterior cotyles are large, dorsoventrally 
compressed ovals, the lateral borders lower than the medial. Viewed 
laterally, there is a slight posterior tilt to the cotyles and they are 
very slightly concave. The odontoid process is a small, spike-like, 
dorsally situated process, which is an anterior continuation of the 


cotyles. The posterior cotyle is broadly teardrop-shaped with the 
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lower border produced ventrally. There is a small amount of uniform 
infilling and the relatively large chordal foramen opens dorsally. 
Hypapophyseal structures are lacking, but laterally projecting flanges 
are present on each side of the centrum posteriorly. 

The neural canal lies above the level of the anterior cotyles. 
The walls of the arch are thin, curving Aeconedsaliy into the roof. 
A flange of bone is present on the inner side of each neural arch wall 
just dorsal to the centrum. The roof of the arch extends posteriorly 
to give rise to the postzygapophyses ventrolaterally. A pair of low, 
thin lateral flanges extends the length of the roof. The hyper- 
apophysis is represented by a small aliform process, which is bisected 
posteromedially by a vertical flange of bone. Postzygapophyseal 
facets attach to the ventrolateral edges of the aliform process. They 
are small ovals having the lateral edges strongly inclined from the 
horizontal. 

A short, relatively thick unicipital process arises from the 
posterodorsal part of each anterior cotyle and projects laterally and 


ventrally. The transverse process thus developed does not bear a rib. 


SECOND CERVICAL (Tl). The anterior cotyle is teardrop-shaped with the 
vertical axis greater than the horizontal. There is no infilling, 

the chordal foramen is far dorsal, and the ventral rim is produced 
anteriorly and ventrally. The posterior cotyle is subcircular, with 
no infilling, the chordal foramen is large and far dorsal, and the 
ventral border extends posteroventrally. A relatively low, but robust 
hypapophyseal keel is present. Basapophyses are lacking and there is 


a small subcentral foramen on one side or the other of the hypapophysis. 
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The neural canal is large and covered by an arched roof. I can 
distinguish no foramina for spinal nerves (but see Edwards 1976). 

The neural crest is low, does not rise above the aliform process, and 
extends over the anterior half of the roof of the arch. The aliform 
process consists of two arms, which extend anteromedially from above 
each postzygapophysis to the midpoint of the neural arch. The 
ne process is somewhat lower than that of the posterior trunk 
vertebrae. Prezygapophyseal facets are subcircular and extend antero- 
posteriorly. They are steeply inclined dorsolaterally, such that the 
two facets face one another. Postzygapophyseal facets are irregular 
circles tilted from the horizontal. 

Transverse processes originate midvertebrally from the centrum 
and neural arch and extend posteriorly at a steep angle. They are 
bicipital with nondiverging rib-bearers. Small first alar processes 
are present. Second alar processes extend from the ventrolateral 
borders of the anterior cotyle, posteriorly along the centrum and 
bases of the transverse processes. Third alar processes are low ridges 
running from the interzygapophyseal ridges along the anterodorsal 
surfaces of the transverse processes. Small vertebrarterial canals 


are present. 


TRUNK VERTEBRA (T22, see Fig. 12). The anterior cotyle is large and 
circular, with no extensions from the rim. The posterior cotyle is 
subcircular- to teardrop-shaped, and the ventral half of the rim is 
produced posteroventrally. The chordal foramen is dorsal and infilling 
of the cotyles is lacking. A well-developed hypapophyseal keel extends 
from cotyle to cotyle. Basapophyses are absent, but two small sub- 


central foramina are present. 
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The neural canal is low, with the roof sloping steeply. Small 
spinal nerve foramina open beneath the interzygapophyseal ridges, just 
dorsal to the centrum on either side. The neural crest is thin and | 
tall, rising well above the level of the aliform process. It extends 
approximately over the middle half of the arch. The top of the rear 
of the neural arch is flat and two vertical sheets of bone arise, one 
over each postzygapophysis, and extend anteromedially to unite with 
the neural crest. In dorsal view a V-shaped structure is, therefore, 
evident on the posterior third of the neural arch. Prezygapophyseal 
facets are of irregular shape, extending laterally and dorsally | 
from the dorsolateral borders of the anterior cotyle. They are 
strongly tipped from the horizontal. Postzygapophyseal facets are 
subcircular, with the posterior and lateral borders raised. There is 
a well-developed interzygapophyseal ridge connecting the anterior and 
posterior zygapophyses on either side of the neural arch. 

Transverse processes are long, thin unicipital rods arising from 
the midpoint of the centrum and extending ventrolaterally and some- 
what posteriorly. Ribs are lacking. A complex system of alar processes 
is developed about each transverse process (see Fig. 1). Posteriorly 
a small flange joins the proximal part of each transverse process to 
the posterior cotyle (the first alar process). Anteriorly a large 
second alar process extends from the full length of the transverse 
process along the centrum and terminates bluntly beyond the anterior 
cotyle. The third alar process arises on the anterodorsal edge of the 
transverse process and extends to the centrum. The second and third 


processes form a deep cavity between them opening anterolaterally. 
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SACRUM. There is no sacral vertebra. 


HAEMAL VERTEBRA (HS). The anterior cotyle is subcircular and the 
chordal foramen is set dorsally. The posterior cotyle is of similar 
shape, but with the foramen located further dorsally. Both cotyles 
lack infilling and there are no extensions of the rims. Strictly 
speaking, a haemal arch is not developed. A pair of rp anarivees 
arise from the entire length of the centrum ventrolaterally. These 
diverge slightly from each other terminally and the anterior edges are 
shorter than the posterior. A subcentral foramen is present beside 
each hypapophysis externally. These ventral processes are undoubtedly 
homologous to the lateral walls of the haemal arch in other urodeles, 
but a complete arch is lacking. 

The neural canal is low, with the roof strongly arched. A small 
foramen pierces the wall of the neural arch on each side just posterior 
to the midpoint of the vertebra. The neural crest is a low, sharp 
spike occupying the middle third of the roof of the arch just anterior 
to the aliform process. A well-developed aliform process is present, 
but its floor is excavated anteriorly. The process extends posteriorly 
beyond the postzygapophyses. Facets of the zygapophyses are ovals 
extending anteroposteriorly and inclined dorsolaterally so as to be 
almost vertical. Faint interzygapophyseal flanges are present dorso- 
laterally on the arch. | 

Transverse processes extend laterally as obtuse triangles in the 
horizontal plane. The complex alar processes of the trunk region are 


lacking. 
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VARIATION ALONG THE COLUMN. 2. Cotyles.- Except in the caudal verte- 
brae, anterior and posterior cotyles of the same vertebrae differ. 
Anterior cotyles are subcircular except for that of Tl, which is a 
dorsoventrally compressed oval. The posterior cotyle differs in 
having a narrower ventral rim. This imparts a broad teardrop shape 

to the posterior cotyle. In the haemal series both cotyles are 
subcircular. 

2. Hypapophyseal structures.- Excepting the atlas and cloacal verte- 
brae, a hypapophysis is present on all vertebrae. In the trunk series 
the hypapophysis bisects the basin formed by the ventrally deflected 
first and second alar processes. This subcentral keel is a thin 
median sheet of bone joining the anterior and posterior cotyles and 
not extending below the level of the cotyles. A pair of subcentral 
foramina are present, one on either side of the subcentral keel. In 
the cloacal region the subcentral keel is gradually reduced until, 

in about four cloacal vertebrae, it disappears. Posteriorly are two 
longitudinal ridges on the ventrolateral edges of the centrum. These 
paired hypapophyses become long, but never fuse distally into a haemal 
arch. 

Basapophyses are absent, although it has been suggested. (Estes 
1964) that they are functionally replaced by basapophyseal-like 
processes of the second alar processes. This is discussed below (see 
description of the ae musculature and Conclusions). 

3. Neural crest and altform process.- The atlas bears a pair of neural 
crests originating close together on the posterior border of the roof 


of the neural arch and diverging forward along the lateral borders of 
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the arch. In Tl the neural crest remains below the level of the 
aliform process, but in all following vertebrae the crest is well 
above the aliform process. The neural crest is a thin, rectangular . 
plate of bone. In the cloacal series the crest decreases in height, 
coming to be on a level with the aliform process. In the caudal 
vertebrae the crest drops below the aliform process, but remains 
distinct (although small) until the neural arch disappears in the 
ventrally deflected part of the tail. 

In the large Stren lacertina an aliform process is present on the 
atlas, but this is lacking from the smaller Stren tntermedia, in which 
the neural arch is flat posteriorly. The aliform process is present 
and well developed throughout the column, although the floor becomes 
reduced in the caudals. Only in the most posterior caudal vertebrae 
does the aliform process fail to develop. 

4. Zygapophyses.- Zygapophyseal facets are similar throughout much of 
the column. Prezygapophyseal facets are oval and extend antero- 
laterally. Those of the postzygapophyses are variable, being either 
teardrop-shaped or subcircular. Both are tilted from the horizontal, 
particularly in the atlas and first three trunk vertebrae. Throughout 
the remainder of the trunk tilting is gentle, but it becomes. pronounced 
in the caudal series. Anterior and posterior zygapophyses are joined 
by a ridge. of bane extending along the lateral edge of the neural 

arch. This interzygapophyseal ridge is lacking from the atlas and 
from most of the caudals, but is present on all other vertebrae. 

5. Transverse processes.- Except for the most posterior caudals, trans- 


verse processes are present throughout the column. In the atlas, the 
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transverse process is a small posterolaterally projecting spike origi- 
nating from the base of the neural arch and posterodorsal surface of 
each anterior cotyle. The second cervical has nondiverging bicipital 
rib-bearers that carry robust, anteroposteriorly flattened ribs. The 
transverse processes project posterolaterally at an acute angle with 
the centrum, extending well behind the posterior cotyle. First, 
second, and third alar processes are present, but proportions and 
orientations differ from those of the more posterior trunk vertebrae. 
The second alar process projects almost straight ventrally and does 
not extend beyond the anterior cotyle. The third alar is a small ridge 
pointing dorsally with no anterodorsal component. 

The transverse processes of Tl and T2 are similar, but those of 
the latter are more robust, with the dorsal and ventral arms divergent. 
The transverse processes are strongly angled posteriorly, but they do 
not project behind the posterior cotyle. Alar processes on T2 
resemble those of Tl, but the second alar processes have anterior 
basapophyseal-like projections, which do not extend in front of the 
anterior cotyle. T3 and T4 are generally as Tl, with distinctly 
bicipital rib-bearers. However, the basapophyseal-like processes of 
the second alar processes project beyond the anterior cotyles 

Posteriorly the Fol ouing trent: are evident: the transverse 
processes become less posteriorly oriented and unicipital until, by 
T17 or T18, they end in a point; the second alars become less obliquely 
oriented, larger, and with broader basapophyseal-like processes; 
third alar processes come to be oriented anterodorsally and increase 


in relative size, capping a cavity with the second alar process below. 
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In the cloacal region the third alars become progressively reduced, 
finally disappearing in the first haemal vertebra. Second alars are 
also reduced, the basapophyseal-like projections disappearing in the 
beginning of the cloacal series. Finally, first and second alars 
become subequal and the transverse processes project at right angles 
from the centrum and are tipped ventrally. In the terminal candal 
vertebrae, which are deflected ventrally from the remainder of the 


column, transverse processes are absent. 
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Chapter II 
DESCRIPTIONS OF THE TRUNK MUSCULATURE 


A. Introduction 


Little work has been done on the deep structure of the trunk 
musculature and its relationships to the vertebrae, with most authors 
considering the dorsalts trunct and subvertebralis as uniform units 
throughout the Caudata.- Maurer (1892, 1911) provides a major contri- 
bution to understanding the lateral abdominal musculature. He 
described the units of this portion in Cryptobranchus, Amphtuma, 
Ambystoma (neotenic and metamorphosed), Necturus, Proteus, Salamandra, 
Triturus, and Stren. My findings are in basic agreement with those 
of Maurer, with discrepancies in our observations having been noted in 
the descriptions. Auffenberg (1959, 1962) supplied the only dissec- 
tion of the dorsalts trunet in salamanders. He (1959) described 
myoseptal patterns and basic tracts of muscle fibers in Necturus, 
Stren, and Amphtwma, providing a terminology for intermyoseptal, 
myoseptal-vertebral, and intervertebral fibral tracts. I have not 
found Auffenberg's terms to be useful descriptively or for comparison 
across familial lines, and do not follow them. Instead, I concentrate 
on the shape of the myomeres and their relationships to the vertebrae. 
My findings also differ substantially from Auffenberg's in certain 
areas, which are noted below. 

Each species is considered separately according to the following 


format: The present range of the species and its habitat are given. 
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The fossil record, if any, of the genus and/or species is noted. A 
brief summary of what previous workers have suggested to be the 
relationship of the genus and/or species is provided. Remarks on 
the general body shape, length of the trunk, number of vertebrae in 
the trunk, and other factors are made. Next follows the description 
of the epaxial musculature (dorsalts trunct), hypaxial musculature 
(subvertebralis) , and lateral abdominal musculature, in that order. 
Along with the description comparisons with other taxa are provided 
and, where necessary, comments made on the findings of previous 
investigators. It has proved necessary to name certain parts of the 
dorsalts trunct and subvertebralts for ease of referral. These names 
are not latinized and generally follow from some salient feature of 
the vertebrae with which they are associated. 

Figures are provided for the majority of the described species. 
These consist of dorsal and ventral views of the musculature from 
the midtrunk region. In each figure the abdominal musculature has 
been cut midventrally and is spread laterally. The muscle units are 
drawn such that superficial layers have been removed in certain areas 
so as to expose underlying units. The muscle fibers are represented 
diagrammatically by straight lines extending between adjacent 
myosepta, which are drawn with heavier lines. Units located more 
superficially are represented by more widely separated lines, those 
located deep to these are shown with lines separated by a progres- 
Sively narrower distance. For some species cross-sectional and lateral 
views are provided in order to show pertinent features. Muscle units 


are labelled appropriately. 
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Dissections were carried out by means of a dissecting binocular 
microscope, uSing fine tweezers and insect pins. Muscle fibers were 
gently pulled and teased away so as to show the shapes of the myomeres 
of the dorsalts trunct, the septal patterns within the subvertebralis, 
and to expose underlying muscle units. In preparing the figures, 
dorsal and ventral drawings of cleared and stained Specimens were made 
using a camera lucida. These drawings then served as the basis on 
which to sketch the units of the trunk musculature. In the figures 
the numbers of the first figured trunk vertebrae are given, as well 
as the scale in millimeters. Unless otherwise noted, specimens are 
metamorphosed adults. 

Representatives of the following species were studied (number 
skeletonized, number cleared and stained, number of alcoholic speci- 
mens, except as noted all specimens catalogued in the Department of 
Geology, The University of Alberta): 

Hynobiidae 

Hynobitus retardatus (0, 1, 4) 
Hynobtus naevtus (1, 1, 3) 
Pachypalamtnus boulengert (1, 1, 2) 
Onychodaectylus japontecus (4, 5, 8) 

Cryptobranchidae 

Cryptobranchus allegantensis (1, 2, 3) 
Amphiumidae 

Amphiuma tridactyltum (1, 0, 3) 

Amphtuma pholeter (0, 0, 1) 
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Ambystomatidae 
Dtcamptodon ensatus (0, 2, 5) 
Rhyacotriton olymptcus (0, 1, 3) 
Ambystoma macrodactylum (0, 2, 2, UA-MZ) 
Ambystoma gracile (1, 1, 4) 
Ambystoma maculatum (2, 2, 2) 
Ambystoma jeffersontanum (2, 1, 2) 
Ambystoma opacum (1, 1, 5) 
Ambystoma talpotdeum (1, 1, 3) 
Ambystoma ctngulatum (0, 1, 3) 
Ambystoma ttgrinum (15, 7, 22) 
Proteidae 
Necturus maculosus (3, 1, 4) 
Proteus angutnus (0, 0, 2, UW-RCS) 
Plethodontidae 
Plethodon jordant (3, 1, 4) 
Plethodon gluttnosus (0, 1, 3) 
Plethodon ctnereus (0, 1, 2, UA-MZ) 
Plethodon vehtcutun (0, 1, 3, UA-MZ) 
Plethodon neomexteanus (0, 1, 2, UA-MZ) 
Ensattna eschscholtatt (0, 2, 4, part UC-MVZ) 
Aneides lugubris (265,29, Part.UC-MVZ) 
Anetdes aeneus (0, 0, 2, UA-MZ) 
Anetdes ferreus (0, 0, 2, UA-MZ) 
Hemtdactyltum scutatum (0, 1, 3) 


Batrachoseps attenuatus (0, 1, 4) 
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Bolttoglossa subpalmata (0, 1, 2, UC-MVZ) 

Pseudoeurycea cephalica (0, 1, 5, UA-MZ) 

Chtropterotriton chtroptera (0, 1, 3, UA-MZ) 

Chtropterotrtton chondrostega (0, 0, 4, UA-MZ) 

Chtropterotrtton xolocaleae (0, 0, 2, UA-MZ) 

Hydromantes brumus (0, 0, 1, UC-MVZ) 

Eurycea btslineata (0, 1, 2) 

Euryecea quadradigitata (0, 2, 4) 

Eurycea junaluska (0, 0, 2) 

Typhlotrtton spelaeus (0, 1, 2, AMNH) 

Gyrtnophtlus porphyrittecus (1, 2, 4) 

Pseudotriton ruber (1, 1, 5) 

Stereochtlus marginatus (0, 1, 2, AMNH) 

Desmognathus fuscus (4, 2, 4) 

Desmognathus monttcola (0, 1, 0) 

Desmognathus orehrophaeus (0, 1, 5) 

Leurognathus marmoratus (0, 1, 2, AMNH) 
Salamandridae 

Salamandra salamandra GPRS ee) 

Salamandra atra (1, 0, 3) 

Pleurodetes waltlit (1, 1, 2) 

Tylototrtton andersont (0, 0, 1) 

Salamandrina terdtgittata (0, 1, 2, AMNH) 

Notophthalmus virtdescens (4, 7, 15) 

Notophthalmus perstriatus (0, 0, 4) 


Tartecha (fT. torosa and Tf. granulosa) (6, 2, 5) 
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Cynops pyrrhogaster (3, 2, 3) 
Cynops enstcauda (0, 1, 0) 
Paramesotrtton hongkongense (2, 2, 11) 
Triturus crtstatus (11, 5, 12) 
Triturus marmoratus (2, 1, 3) ’ 
Tritturus alpestris (1, 1, 2) 
Triturus vittatus (0, 1, 4) 
Triturus vulgaris (6, 7, 5) 
Triturus helvettcus (0, 1, 2)- 
Euproctus asper (1, 1, 2) 

Sirenidae 
Stren tntermedta (0, 1, 3) 


Stren lacertina (1, 0, 1) 


B. Descriptions 
i) Family Hynobiidae Cope 1859 
Hynobtus Tschudi 1839 


RANGE. Found in Korea, the Japanese islands, eastern China, and 


throughout most of eastern Russia (Thorn 1968). 


HABITAT. Larvae are of the pond type, being found in still ponds and 
small lakes. Metamorphosis into a terrestrial adult is almost 


invariable, but neoteny is known (Thorn 1968, Sasaki 1924). 
FOSSIL RECORD. None known, 


RELATIONSHIPS. Regrettably little work has been done on the system- 


atics of this genus, with Dunn's (1923a) monograph remaining the only 
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coverage. Hynobtus is generally considered the most primitive living 
hynobiid (see Dunn 1923a, Noble 1931). Dunn (1923a) divided Hynobtus 
into four species groups, a separation followed by Thorn (1968), but 
with the addition of subsequently named species and nomenclatorial 
corrections. These groups are as follows: 

1. Mainland group, considered to be the most primitive: 4. 
keyserlingit, H. leechtt, H. chinensis, and H. shiht. 4H. leechit 
was suggested as an acceptable "ancestor" for the following two groups. 

2. 4H. nebulosus group: 4H. nebulosus, H. tsuensts, H. dunnt, 
and H. abet. These species have a laterally compressed tail, tend to 
breed in standing water, and are found in the southern parts of Japan 
(Thorn 1968). 

3. H. ltchenatus group: dH. lichenatus, H. ntgrescens, H. 
sadoensts, and H. retardatus. This is Dunn's (1923a) H. peropus 
group, with this species having been subsequently split into 4. 
ltehenatus and H. ntgrescens. The group is found in the northern parts 
of Japan, tends to have laterally compressed tails, and breeds in 
streams, ponds, and lakes (Thorn 1968). 4H. retardus was available for 
study. 

4. H. naevtus group: 4H. naevtus, H. kimurat, H. oktensis, 

H. stejnegert, and H. sonant. This group tends to have relatively 
short, thick tails and breeds in streams with rocky bottoms (Thorn 
1968). H. naevtus was available for study. 

Of these groups, only representatives of the supposedly more 

derived island groups have been examined. 4H. naevtus and 4. 


retardatus are similar in the structure of their trunk musculature, 
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in spite of ecological differences. Owing to the relatively small 
sample from Hynobius, intrageneric variation is unknown and conclu- 


sions are tentative. 


Hynobitus retardatus Dunn 1923 
RANGE. Restricted to the island of Hokkaido, Japan (Thorn 1968). 


HABITAT. Lakes, ponds, stagnant water, and the surrounding land 


(Thorn 1968). 
FOSSIL RECORD. None known. 


RELATIONSHIPS. Placed in the H. ltchenatus species group (Thorn 
1968) , which apparently represents a relatively derived lineage of 


independent derivation from the mainland species (Dunn 1923a). 


REMARKS. The trunk is relatively short and robust, similar to that 
of the Ambystoma tigrinum group of ambystomatids (q.v.). There are 
twelve, sometimes eleven, costal grooves between the limb girdles 
(Dunn 1923a). These reflect the number of myomeres spanning the same 
distance. As in other amphicoelous salamanders, a significant part 
of the epaxial myomere is distal to the vertebral column, forming 


intermyoseptal muscle masses. 


Epaxtal musculature (see Fig. 22).- The myoseptum attaches along the 
dorsal surface of the rib, extends along the posterodorsal surface 
of the transverse process, and then along the lateral edge of the 
posterior zygapophysis to the neural process. In the posterior 
one-quarter of the trunk an extension of each myomere (posterior 


septum of the myomere) joins to the lateral surface of the neural 
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process of the next posterior vertebra. This septal attachment is 
lacking in the anterior segments of the trunk musculature. It may 
function in providing additional, more direct pull by the myomere on 
the vertebra in the area from which most of the push for terrestrial 
locomotion originates. 

Each myomere has a single, large anterior flexure next to the 
midline. These flexures partially overlap along the column, each 
resting.over the posterior one third. ofits; anterior neighbour... Thus, 
although a myomere only contracts directly between two vertebrae, 
anterior and posterior overlap causes each segment to influence three 
vertebrae. In dorsal view the full extent of the anterior flexure is. 
not evident, but a deeper medial part is seen when the myomeres are 
pulled laterally. In each flexure the muscle fibers are oriented so 
as to produce a fan-shaped muscle. Distal to this, in the main mass 
of the myomere, the superficial layers are aligned anterolaterally. 
Moving ventrally and laterally along the surface of the myomere, 
however, the fibers gradually change orientation so that at the 
horizontal septum they extend anteroposteriorly. Beneath this thin 
dorsal layer the strands extend anteroposteriorly, paralleling the 
vertebral column. Rising from between the ribs and transverse 
processes of adjacent vertebrae, the main body of each myomere extends 


dorsally and posteromedially to overlap the next posterior myomere. 


Hypaxtal musculature (see Fig. 22).- The subvertebralts is complex 
and relatively thick. In ventral view only a small area at each 
intercentral joint is visible, the remainder of the vertebrae being 


covered by musculature. Each myomere spans two intervertebral joints, 
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affecting three vertebrae during contraction. The myomeres are 
extensively folded so as to partially overlap (anteriorly) and under- 
lie (posteriorly) their neighbours. The folding of the subvertebral 
complex is equalled only in other hynobiids, cryptobranchids, 
ambystomatids, and amphiumids. 

The anterolateral surface of each centrum provides attachment 
for the medial section of the myomere. A septum extends anteriorly 
parallel to the next anterior centrum and posteriorly it proceeds 
back and slightly lateral. At the level of the transverse process 
of the next posterior vertebra, the myoseptum reverses to extend 
anteriorly to the distal edge of the oe rib-bearers of the first 
vertebra. From here it runs along the ventral surface of the rib 
into the lateral abdominal musculature. The part of the septum 
extending anteriorly from each cotyle may be called the basapophyseal 
septum. Although in H. retardatus anterior basapophyses are present 
only as small thickened areas, the septum and its associated muscle 
is homologous to the anterior basapophyseal muscle of other 
hynobiids, cryptobranchids, ambystomatids, and amphiumids (see 
Conclusions). 

The basapophyseal muscle is composed of fibers with two. sorts of 
attachment. That is, the medial group extends anteromedially between 
the basapophyseal septum and the centrum. The lateral group bridges 
the basapophyseal septum and the septum of the next anterior myomere. 
The pinnate muscle thus formed has its origin on the lateral surface 
of the centrum and on the septum lateral to it (see Fig. 22). The 


insertion is on the lateral surface of the anterior cotyle in the 
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anterior basapophyseal area (see descriptions of the vertebral column 
above). Such a pinnate muscle "can develop great force for its 
overall width, but has a short contraction distance" (Hildebrand 
1974, p. 462). This part of the myomere will be termed the anterior 
basapophyseal muscle in all taxa in which a muscle with similar 
relationships is developed. 


The most superficial ventral layer of the myomere partially 


underlaps and obscures the more medial fibers. Medially, these ventral 


fibers are fan-like, but they become anterolaterally extended towards 
the lateral abdominal musculature. At the lateral edge this sheet 
partially blends into the transversus. Beneath the ventral layer the 
form of the myosepta and their associated muscle fibers become clear. 
The posteriorly pointed, V-shaped flexure from the transverse process 
sends fibers posteromedially and posterolaterally into the next 
posterior, serially homologous septum. Both lateral and ventral to 
this transverse process flexure the intercostal group and the fibers 


between the rib-bearers are aligned parallel to the vertebral column. 


Upon contraction, however, the intercostal fibers shift from an antero- 


posterior orientation. 

Except for the atlas, spinal nerves exit intervertebrally and 
extend posterolaterally through the myomere to the proximal tip of 
the ribs. Here each nerve is exposed to the peritoneal cavity for a 
short distance. It extends laterally and slightly anteriorly until 
the transversus is reached. From this point it proceeds laterally, 
parallel and just posterior to the myoseptum, between the transversus 


and obliquus externus to the rectus abdominus. 
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Lateral abdominal musculature (see Figs. 22 and 26).- The most external 
obliquus externus is relatively thick and divided transversely by 
myocommata. Its fibers extend posteroventrally, spanning the area 
between the dorsalts trunct and the rectus abdomints, partially over- 
lapping each of the latter. Internally, next to the o. externus, is 

a very thick transversus, which extends anteroventrally. Medially the 
transversus blends with the intercostal musculature, ventrally it 
partially overlaps the rectus abdomints internally. 4H. retardatus 
possesses only these two units in the lateral body wall. Both the 
obliquus externus profundus and the obltquus internus are lacking. I 
consider this a primitive adult condition, with the addition of other 
layers being a foetal specialization (see Conclusions). 

The rectus abdomints is divided into two parts: a ventromedial 
rectus abdomtnis superftctalts and, dorsolateral to this, the r. a. 
profundus. The r. a. superfictalts is divided by septa that are 
extensions from the o. externus. The septa of the r. a. profundus 
are, however, separated from those of the other abdominal groups, and 
extend anterolaterally rather than laterally and ventrally. The 
muscle fibers between these septa extend anterolaterally, and the 
Y. a. profundus serves as a retractor of the tongue, linking the 


hyobranchium to the pelvic girdle. 


Hynobtus naevtus (Temminck and Schlegel 1838) 


RANGE. Restricted to Japan on the north and south parts of the island 


of Kyushu, northeastern Shikoku, and eastern Honshu (Thorn 1968). 
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HABITAT. Dunn (1923, pp. 483-484) quotes Tago (1907) on the areas 
inhabited by this species. Found in valleys having ponds and streams, 
"surrounded by hills and cliffs with cedar, elm, or chestnut . 

among moss, dead leaves around swamps, in bushes, under roots, rocks, 
or in deserted nests of water rats or moles. In short they like 

damp, shady places . . . free from sunshine." After rains the 
terrestrial adult comes to the surface and feeds on "worms, insects, 
and tiny fishes." Hibernation occurs on land, with breeding in the 


spring in water. Larvae are of the pond type. 
FOSSIL RECORD. None known. 


RELATIONSHIPS. This species is the type of the H. naevtus species 
group (Dunn 1923a, Thorn 1968). The group is composed of species with 


short, thick tails, often breeding in streams with rocky bottoms 
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(Thorn 1968). According to Dunn (1923a), H. naevtus is closely related 


to only H. kimurat and H. stejnergert, being relatively isolated. 


REMARKS. The body is elongate but stout, with a short, rounded tail. 
There are usually 14 costal grooves. A somewhat lesser amount of 
musculature seems to be located dorsal to the vertebral column than 
in H. retardatus. In spite of the apparently differing niches of the 
two species, the trunk musculature of H. naevtus is very like that of 


H. retardatus. 


Epaxtal musculature (see Fig. 23).- The myomeres of the dorsalis 
trunct are fundamentally as in H. retardatus. However, the anterior 
flexures are somewhat shorter and more acutely V-shaped. In dorsal 


view, the full development of the anterior flexure is evident only when 
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the myomere is displaced laterally. The attachment of the myoseptum 
to the vertebrae and ribs is as in H. retardatus, but accessory attach- 
ments of the myomeres to posterior vertebrae appear to be lacking 
throughout the column. 

The muscle fibers within the anterior flexures are Situated as 
in H. retardatus. The fibers in the main body of each myomere, 
lateral to the anterior flexure, extend anteriorly and slightly 
laterally. Beneath this superficial layer the fibers orient antero- 
posteriorly. The main body of the myomere rises posterodorsally from 


between adjacent ribs. 


Hypaxtal musculature (see Fig. 23).- The pattern of the subvertebralis 
is also very similar to that of H. retardatus. This unit is thick, 
covering all of the ventral part of the column except for a 
diamond-shaped area below each intercentral joint. Distinct anterior 
basapophyseal muscles are present, attaching to low anterior basapoph- 
yses, which are developed even in small adults. Behind this pinnate 
muscle is the posteriorly directed, acutely V-shaped part of the 
myomere associated with the transverse process. This flexure is 
relatively somewhat longer than in 2. retardatus. 

The myoseptum extends straight lore the rib, but near the union 
of the myomere with the transversus the septum inclines anteriorly 
such that each myomere slightly underlaps its anterior neighbour. In 
this it differs from H. retardatus. wiles unlike the latter, the | 
pattern of hypaxial myomeres is clear without removal of a superficial 
layer of muscle fibers. In the lateral part of the myomere superficial 


fibers extend anteroposteriorly and do not blend laterally with the 
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transversus, except for a small band running anterolaterally from the 
anterolateral edge of each myoseptum. This band partially overlaps 
and blends with the transversus. 

Proximal to the column, spinal nerves are as in H. retardatus. 
However, in the lateral body wall each nerve is directly adjacent to a 
myoseptum posteriorly. From here the nerves extend into the rectus 


abdomtnus. 


Lateral abdominal musculature (see Figs. 23 and 26).- The obltquus 
exterynus is somewhat thinner than in d. ST ae however, its 
topographic relationships to the other muscle segments and its 
orientation are the same. Also, as in H. retardatus, the obltquus 
tnternus is lacking in the adult. 

The transversus is relatively thin and joins with the subvertebral 
myomeres in a manner differing from that in H. retardatus. In 4H. 
naevtus , the transversus partially overlaps the epaxial myomeres and 
only blends with the intercostal muscles to a limited extent posteri- 
orly.. From here it extends laterally and slightly anteriorly, under- 
lapping the r. a. profundus and attaching to the Fae superfictalts 
internally. The structure of the two part rectus abdomints is as in 


H. retardatus. 


Pachypalamtnus boulengert Thompson 1912 


RANGE. Limited to isolated populations in Japan: the Odaigahara 
plateau on Onshu, Mount Ishizuchi on Shikoku, and Mount Sobo on Kyushu. 


(Thorn 1968). 


HABITAT, Riparian in wooded and mountainous areas (Thorn 1968). 


rm 


itera wh Gs 26 OSS ZOVLOR baecbae 


Te 4 


s ot Sieseibs yitgerih s4.0vTsa fioeo ‘aw wee 
% a 2 ethane 


enna 


Tae X¢ fi 
aT oe ‘BTR a 
aoe Uy eNOe | oreteostaen Ete ie reat ate 


“hee bot ‘orm ee. BEDS “arte eile 87: agime 


af? + Gh baa 8 eget oney. 


iene! 5 
<e Ma ae 8 


seins hut wiih ie sa obo, fetes nit \eirtapion’ Rac Me 

HD”... eee i em Sats are’ gators 

oye @opeeiwa hele ote wid aqui zevo elakiang | . mers ik 
ese . Ae odie % 92 asi oeum Hae id cde b 


eT ae PE vadrodste: wit rig sie bag -dlasant 


Pade 


Lele iggae ch yet me artitonsan hae Scans oe 


eh: 2a 53 iui avoid asia Prac ‘ene wd 20 taba! a Nae 
C12t aeaqedt beagpeticd wuntongteat 
‘eng es ots ak nit enotvetuqen seratazs at hi io 
bean. hia cote sata bites cishatiste ono dougie au, eed Eat tn 


dal 


os ; ; ae Uae) eee! a 
OGRE eel}, ve svortezaien hos bohage. b antsant 


182 


FOSSIL RECORD. None known, 


RELATIONSHIPS. This monotypic genus is sometimes included in the genus 
Hynobtus, from which it differs in having the lacrimal divided into . 
two, cornified skin on the soles of the feet and tips of the toes, and 

a large premaxillary fontanelle (Dunn 1923a, Thorn 1968). Dunn 

(1923a, p. 505) considered it closest to H. vandenburght- (= H. 

Se tosusle of which it is possibly "a very local modification." The 
trunk musculature differs somewhat from that of the two species of 
Hynobtus described above, but until intrageneric variation is elucidated 


in the latter generic separation is problematical. 


REMARKS. The trunk is long, but very stout. There are generally 13 
costal grooves. Based on the structure of the myomeres alone, generic 


recognition is perhaps justified. 


Epaxtal musculature (see Fig. 24).- The myomeres of the dorsalis 
trunet are developed as in H. retardatus and H. naevtius, with minor 
modifications. The anterior flexures are short, as in H. retardatus, 
and obtuse. The inner part of each flexure is exposed dorsally 
without lateral displacement of the myomere. The single septum 
extending forward from the anterior flexure is relatively longer than 
in either species of Hynobtus here described, extending to almost the 
posterior edge of the next anterior vertebra. 

In the midtrunk region a septum extends back posteromedially 
from the main body of each myomere to insert on the anterior surface 
of the transverse process of the next posterior vertebra. This septum 


is present throughout the remainder of the myomeres posteriorly. The 


structure of the main body of the myomere is as in Aynobtus. 
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Hypaxtal musculature (see Fig. 24).- The complex folding within the 
subvertebralts is covered ventrally by a thin superficial layer of 
muscle fiber. Upon removal of this the pattern becomes clear. 
Well-developed anterior basapophyseal muscles are present. The 
posterior flexure from the transverse process is relatively narrower 
than in the other available hynobiids, owing to the fact that the 
myoseptum does not extend posteromedially from the joint between the 
rib and transverse process. Instead the septum runs along the trans- 
verse process to the latter's midpoint and then extends postero- 
medially into the muscle fibers of the next posterior myomere. 
Pachypalamtnus is also unique in having a small, short septum extending 
forward at this point of reversal (labelled anterior flexure in 

Pig. 24). 

In the main mass of each myomere lateral to the anterior bas- 
apophyseal muscle and transverse process flexure the muscle fibers 
proceed in several different, layered directions. Most ventrally 
they extend anterolaterally. Above this thin layer is a scattering 
of fibers running anterolaterally at a more obtuse angle. Above these, 
there is a layer of anteromedial fibers, followed dorsally by a unit 
extending anterolaterally. The myomere ventral to the ribs slopes 
slightly posteriorly. 

Except. for the atlas, spinal nerves exit intervertebrally. They 
are buried by the fibers of the subvertebralts proximally and are 
exposed to the peritoneum at the level of the bifurcation of the 
rib-heads. Each nerve remains on the ventral surface for some 


distance, passing along the subvertebralts to disappear external to 
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the transversus at a notch formed between that muscle unit and the 


myoseptum (see Fig. 24). 


Lateral abdominal musculature (see Fig. 24).- The lateral abdominal 
musculature is conformable to that in Hynobtus. The obltquus 
externus, rectus abdomints profundus, and r. a. superftictalts are as 
in the species of Hynobtus described previously. The transversus 
differs in underlapping the posterodistal part of each subvertebral 
myomere and extending anterolaterally so as to expose part of the 

Oo. externus to the peritoneum. The transversus underlaps the rectus 
abdomints as in Hynobius. A further distinction is that part of the 
intercostal group extends beyond the tips of the ribs, between the 
transversus and the obltquus externus. It is possible that this 
extension from the intercostal group is homologous to the oblitquus 


tnternus of other salamanders. 


Onychodactylus japonteus (Houttuyn 1782) 


RANGE. Found in the northern two thirds of the island of Honshu, 


Japan, except along the western coast (Thorn 1968). 


HABITAT. Adults are found beside streams and ponds in wooded, 
mountainous areas. They are secretive under rocks, decaying logs 
and moss, preferring humid, cool, shaded areas. Breeds in rapid 


mountain streams (Thorn 1968). 
FOSSIL RECORD. None known. 


RELATIONSHIPS. Dunn (1923a) noted the basic similarity of this genus 


to Hynobius, considering the latter to be ancestral to Onychodactylus. 
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As regards the structure of the trunk musculature, Onychodactylus is 


readily derivable from Hynobtus by means of paedomorphosis. 


REMARKS, The trunk is long and relatively thin, with 13 or 14 costal 
grooves. A significant part of each myomere is located distal to the 
vertebral column. The tail is long, oval in cross-section, and 
well-muscled. 'Claws" of cornified skin are present in larvae and 


breeding adults. The hind limbs are robust and the feet broadened. 


Epaxtal musculature (see Fig. 25).- The myosepta join with the verte- 
brae as in Hynobtus. In the rear portion of the trunk a posterior 
septum from each myomere extends to the distal end of the transverse 
process and to the proximal end of the rib of the next posterior 
vertebra. Anterior flexures are very acute and relatively about twice 
as long as those in Hynobtus. Each completely overlaps the next 
anterior vertebra and part of the second anterior. Thus the elonga- 
tion causes the flexure to affect an additional vertebra in comparison 
to other hynobiids. This is presumably an adaptation to increase 
flexion of the trunk (compare Amphtuwma) without adding vertebrae to 
the column. This modification is perhaps correlated with the mountain 
stream habitat of Onychodactylus. The main body of each myomere is 
inclined back as in Hynobtus, and the direction of muscle fibers is 
comparable in the two genera. Hyperapophyseal muscles arise from the 
rear of the neural arches between the postzygapophyses. These are not 


pinnate. 


Hypaxtal musculature (see Fig. 25).- This species resembles 2. 


retardatus in having a superficial ventral layer of muscle fibers 
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obscuring the myoseptal pattern, and H. naevtus in having the lateral 
part of the myomere slanted anteriorly. The thick subvertebralts 
completely covers the vertebrae except for small intercentral areas. 
Anterior basapophyses are especially prominent just posterior to the 
atlas. They decrease from here posteriorly, but remain present 
throughout the trunk even on relatively small individuals (see 
Fig. 2). However, the associated basapophyseal muscles, although 
well-developed, are not notably larger than those of other hynobiids. 
The spinal nerve exits intervertebrally, passing through the 
subvertebralts dorsal to the posterior flexure from the transverse 
process. Each nerve is exposed peritoneally for a short distance 
intercostally and then disappears external to the transversus. The 
nerve passes between the obltquus externus superfictalts and the 
Oo. @. profundus immediately adjacent to the posterior border of a 


myoseptum to disappear ventrally into the rectus abdomints. 


Lateral abdomtnal musculature (see Figs. 25 and 26).- Unlike Hynobtus 
and Pachypalamtnus , Onychodactylus nee four divisions of the lateral 
body wall. Dunn (1923a) and Noble (1931) argued that Onychodactylus 
arose from within the genus Hynobtus, and the condition in the former 
is probably a paedomorphic derivation. Although larval hynobiids 
have not been available for this study, consideration of the 
Ambystomatidae (q.v.) make this likely. Larval ambystomatines of 
more primitive aspect have four layers, but these are usually lost 
in the adult. 

The obliquus externus superfictalts is conformable to the single 


obltquus externus of Hynobtus. It is a thin layer, with fibers 


| beayaint Bay: ) pone ak eaterean a st 
ghlaetatr wees, reve ‘oA? ae 


rein haw tuaone se? ifaw ar 5 


git 2F tOs4eTRoY Senet #i roe Lina as 


| a av the opeloain coat pe 
eieeytt 7 ents > oy. aeoty aant segral baves i! ; 2 
arta eae | theca; cf Leaedosieerredint be secant 
gerenenars eis mons SUURGET 70a eae aay r ie 


anna test tyare # 3% “lfaomot be I sineca e evient ¢ 


Me] Ae 


aft Quintet ely 97 ines ta sbinganed ; oto bite “liars 
‘ ; wig! P. Lae 


iy Pie CO Na 
P cay j ? i Dy nahh) Jee ca a we ‘ieean 5 
* ™ -. ‘ « re ) lok 
28d ban, cringe rsh ye: esata wan eT 
ve } ey 


ae 


, ehiatnights ed itt otal ates a. : 
wae tee 8s ge 
ty : PM i iA _, 


ayes h onthe (88 borvet a aah on, 


: Yo: wel) sie ory rt a F2O oe oF sam Ub totniboans, 


Lurwped . sla $e ennieiweth ld anf, 


Perey 


2 pkhibaieet kanes. ‘aieodsth, soi smy tk roo 5 


; Nv | 
is. pane eae ah {dered ere aa ial ae 
fuaio ei Fata AYE spade sud © , Brora anh abit, mpage. ota 
acory 


ere ale oF stiewteRuee ek atacieage, + ment, sawp 2 r hema 


fii yy 


ecotkd AFM, ne abe & sat ca vation te einen . 


= ; ¥ i , i . asf f 2 : . i One a } hoi tae iy 


extending posteroventrally. Beneath this layer is the o. e. profundus, 
which is lacking in Hynobtus. This layer is confluent with the inter- 
costal fibers proximally and with the reetus abdomints distally. Its 
muscle fibers extend posteroventrally, but at a lesser angle than 
those of the o. e. superfitctalis. The anteroventrally aligned 
obltquus tnternus is deep to the inner part of the external oblique. 
It merges with the rectus abdomints distally, but does not join with 
the tntercostalts proximally. 

The most internal layer of the lateral abdominal musculature, 
the transversus, has fibers extending anteroventrally between myosepta 
at an angle greater than those of the o. tnternus. The transversus 
is segmented by myocommata only in its proximal one third. It merges 
with the subvertebralis dorsally and overlaps the rectus abdominis 
ventrally. Owing to the fact that the o. tnternus and o. e. profundus 
blend with the rectus abdomints, the latter is not a distinct unit. 
However, its boundaries may be taken as including that area in which 
the ventral muscle fibers extend anteroposteriorly. There is no sign 
of diviSion into two parts. 

Although Onychodactylus has four distinct layers of lateral 
abdominal musculature, the abdominal wall is notably thinner than 


that of the species of Hynobtus here dissected. 


ii) Family Cryptobranchidae Cope 1889 
Cryptobranchus alleganiensts (Daudin 1803) 
RANGE. "From southern and western New York [state] southward to 
northern Georgia, Alabama, Mississippi and westward to central 


Missouri" (Nickerson and Mays 1972, p. 3). 
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HABITAT. Completely aquatic in running water. Nocturnal, hiding 
under rocks and submerged logs by day (see Bishop 1943, Nickerson 


and Mays 1973). 


FOSSIL RECORD. C. allegantensts is known from the Pleistocene of 
eastern North America (Nickerson and Mays 1973). Other fossil 
cryptobranchids and the living Asian species are usually referred to 
the genus Andritas. I do not, however, recognize the validity of this 
taxon, considering it to be a junior synonym of Cryptobranchus 
(Naylor 1978c). C. scheuchzert is known from the Oligocene to 
Pliocene of Europe, C. matthewt from the Miocene and Pliocene of 
North America, and C. japontcus from the late Pleistocene of Japan 
(Cook 1917, Thenius 1954, Westphal 1958, 1967, 1970, Shikama and 
Hasegawa 1962, Meszoely 1966). In addition, an extinct genus 
Piceoerpeton is known from the Paleocene and Eocene of central North 


America (Meszoely 1967, Estes 1969a), which may be a cryptobranchid. 


RELATIONSHIPS. During the 1800's Cryptobranchus was often classified 
with Amphtuma in the family Amphiumidae (e.g., Gray 1825, Bonapart 
1831, Boulenger 1882, 1910). Cope (1867, 1889), however, recognized 
the distinctions between the two taxa, placing them in separate 
families. The close relationship between cryptobranchids and 
hynobiids has long been accepted (Dunn 1922, Noble 1931). The two 
families share many features, most of them to be judged as primitive. 
I consider C. allegantensts to be a relatively recent derivative from 
"Andrtas", owing its distinctive characters to paedomorphosis (e.g., 
gill slits retained in adult, structure of the hyobranchium, see also 


below). 
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REMARKS. The trunk is long, very thick, and dorsoventrally compressed 
and laterally expanded. There are generally 13 myomeres between the 
limb girdles, but owing to folding of the skin costal grooves are 

not evident. The myomeres are relatively wide and the trunk is very 
flexible. A large mass of musculature is developed dorsolateral and 


lateral to the vertebral column. 


Epaxtal musculature (see Fig. 27).- The major departure of this 
species from the condition described for the Hynobiidae is in marked 
increase in the mass of epaxial musculature. A pair of distinct 
septa separates the left and right myomeres medially. Each myoseptum 
attaches to its medial septum above the neural process (hyperapophysis) 
of a vertebra. It then extends from the neural process down the 
posterior and lateral edges of the postzygapophysis to the proximal 
part of the transverse process. The myoseptum attaches to the postero- 
dorsal edge of the transverse process, along the rib, and then proceeds 
distally where it is unsupported by bone. The myomere extends much 
further laterally beyond the rib than is the case in hynobiids. 

The myomere is complexly folded dorsal to its attachment to the 
_ vertebrae. Each anterior flexure extends anteriorly over about three 
quarters of the first vertebra of the pair spanned by its myomere. 
Thus it is relatively shorter than in hynobiids. The full extent of 
the anterior flexure is apparent only when the myomere has been dis- 
placed laterally. The flexures overlap about one half of the length 
of their anterior serial homologues. A long, deep septum proceeds 
forward from the apex of each V-shaped flexure into the muscle of the 


preceding flexure. 
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Laterally, the main body of each myomere slopes anteroventrally 
down to join the ribs of adjacent vertebrae. Dissection of contorted 
specimens shows that upon contraction of muscle fibers the septa of 
this part of the myomere come to be oriented almost vertically. The 
posterior septum from the myomere to the next posterior vertebra, 
seen in certain hynobiids, is apparently lacking throughout the column 


in Cryptobranchus. 


Hypaxtal musculature (see Fig. 27).- The very thick subvertebralts is 
folded as in hynobiids. Only a small, diamond-shaped area beneath 
each intercentral articulation is not covered by muscle fibers. Tough 
fascia encloses the hypaxial musculature ventrally. This fascia is 
continuous with the myosepta above. In superficial ventral view part 
of the more medial folding of the myomere is obscured by a thin layer 
of longitudinal muscle fibers. At their forward edges these overlap 
the posterior flexure from the transverse process. Upon removal of 
this sheet, the pattern is clearer, although spread of the myosepta 
onto the ventral surface confuses the pattern. In spite of such 
complexities, the basic design is hynobiid-like. Large anterior 
basapophyseal muscles are present, but anterior basapophyses are not 
present on the vertebrae. A long, wide transverse process flexure 
extends posteriorly just lateral to each basapophyseal muscle. From 
these posterior flexures long, deep septa extend posteriorly. 

The short anterior flexure in the main body of each myomere is 
developed to a greater degree than in the Hynobiidae. The subcostal 
portion of the myomere slants posterodorsally between adjacent ribs. 


From the anterior edge of the anterior flexure a short septum extends 
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forward parallel to the transverse process flexure of the next anterior 
myomere. A tough sheet of fascia runs between the anterior flexure 

and the baspophyseal muscle of the same myoseptum. This sheet is 
continuous with the myosepta dorsal to it and is also present in 
certain hynobiids.®© It°underiies the transverse process flexure «and; 
ventrally, provides attachment for the most superficial layer of the 
subvertebralts. 

Spinal nerves are not exposed to the peritoneal cavity, perhaps 
owing to the thickness of the subvertebralts. Except for those 
associated with the atlas, they exit intervertebrally to pass through 
the intercostal muscles. Distally each is found between the trans- 
versus and obltquus tnternus just posterior to the myocomma of each 


segment. 


Lateral abdominal musculature (see Figs. 27 and 47).- The musculature 
surrounding the viscera is thick laterally and thin ventrally. The 
obliquus externus does not overlap the epaxial musculature. Its 
fibers extend posteroventrally from the horizontal septum and are 
divided transversely by myosepta into parallel bands. A very thick 
obliquus tnternus is beneath the relatively thin o. externus. This 
deeper unit is a continuation without break of the intercostal muscles. 
Ventrally it is completely intergraded with the simple rectus 
‘abdomints, Although the muscle fibers of the o. tnternus are not 
oriented obliquely, it is here termed obltquus tnternus owing to 
positional relationships. However, it may be composed of both the 

oO. tnternus and the o. externus profundus. Ontogenetic studies are 


necessary to resolve this. 
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The thin internal transversus intergrades proximally with the 
subvertebralts. Unlike the condition in hynobiids, the transversus 
is completely segmented, from proximal to distal edge, by myocommata. 
It extends almost at right angles from the subvertebralis, the fibers 
aligning only slightly anteroventrally. The rectus abdomints is not 
clearly differentiated, but can be considered the most ventral part 
of the o. tnternus, beyond the bounds of the o. externus and 
transversus. The rectus abdominis is very thin, with fibers extending 
anteroposteriorly between myocommata. Its thinness and simplicity are 


probably owing to support given the viscera by the surrounding water. 


iii) Family Amphiumidae Gray 1825 


Amphtuma trtdactyltum Cuvier 1827 


RANGE. Southern part of the Mississippi River drainage basin: 

"Along the Gulf Coastal Plain from the Brazos River valley in Texas 
through the Mississippi alluvial plain to where this meets the eastern 
Gulf Coastal Plain . . . eastward into the western half of Alabama, 
and... north. up the Mississippi valley as, far ‘as’. .: 2 Kentucky 
and... ....Missouri, up the Arkansas River valley. ...."\beyond Little 
Rock Arkansas, and up the Red River valley .. . [to] the southeastern 
corner of Oklahoma" (Salthe 1973b, p. 149.1). If, as seems likely, 
this is actually a subspecies of Amphiuma means Garder 1821, the 
species range extends eastward to the Atlantic Ocean, including 


Florida. 


HABITAT. Found in "lakes, open-spring streams .. . and streams 


flowing over calcareous rocks. They are also reported in drainage 
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ditches, bayous, and wooded alluvial swamplands" (Bishop 1943, p. 54). 


FOSSIL RECORD. Amphtwna means is known from the Pleistocene of 
Florida (Weigel 1962, Brattstrom 1953) and Texas (Holman 1965, 
Slaughter and McClure 1965). A supposed Pleistocene specimen from 
Germany (Brunner 1956) has been shown to be the parasphenoid of a fish 
(Estes 1969b). A. gepsont is found in the upper Paleocene of Montana 
and Proamphtuma cretacea in the Upper Cretaceous of the same state 


(Estes 1969b). 


RELATIONSHIPS. Familial relationships of the Amphiumidae are dis- 
cussed below (see Conclusions). Goin (1936) produced evidence casting 
doubt on the validity of recognizing A. tritdactyltwn as distinct from 
A. means. He suggested that the former be recognized as a subspecies 
of A. means, but Salthe (1973a,b) has rejected this. Evidence is not 
conclusive, but the only characters serving to distinguish the two 
"species" are coloration and number of toes. The two forms are other- 
wise the same, occupy adjacent but continuous ranges, and produce 
so-called hybrids (Goin 1936). The validity of specific status for 

A. trtdactylitum, although possible, cannot be said to be probable. 
Amphiuma pholeter, a dwarf one-toed species, is known from a few 


localities in northwestern Florida (Neill 1964). 


REMARKS. Only the anteriormost trunk vertebrae (the first three, 
four, or five), in the region of the pectoral girdle, bear ribs, which 
are very small. There are approximately 60 myomeres between the limb 
girdles, correlating with the great length of the trunk. Movement is 


anguilliform, with the limbs moving in an active, co-ordinated manner 
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as the animal progresses over the sMice rece The pectoral limbs appear 
to help in changing direction (Shufeldt 1883) and "the hindlimbs are 
active in checking onward movement"! (Baker 1945, p. 73). It appears, 
therefore, that the limbs are not "degenerate," but reduced and 
functional. 

The basic pattern of the myomeres is very like that of hynobiids 
and ambystomatids and readily derivable from either. However, they 
have become more highly folded, in a manner comparable tot bie 


different from, the condition in teleost fishes (see Nursall 1956). 


Epaxtal musculature (see Figs. 28 and 29).- Auffenberg (1959) described 
the epaxial musculature of Amphtuma. However, owing to the fact that 
many of his observations are at variance with mine, redescription and 
correction are necessary. According to Auffenberg (1959, p. 256) there 
are 'many [muscle] fibers attaching to the internal surface of the 
skin."' This is incorrect; instead there is a system of tough, 
seemingly random fibers of connective tissue binding the skin to the 
musculature. There are no muscle fibers evident between the skin and 
the trunk musculature and, indeed, they would serve little purpose in 
such a position. 

Auffenberg attempted to distinguish "tracts" of muscle fibers in 
the dorsalts trunct, especially as they related to the vertebrae. 


However, at least from a functional and comparative point of view, 
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the important point is not these tracts, which are in a sense artificial, 


but the total myomere in relation to the vertebrae and the other 
myomeres. That is, although many of Auffenberg's described tracts are 


present, their delineation is somewhat misrepresentative. Further, 
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the descriptions and figure (Auffenberg 1959, fig. 2) of the axial 
myosepta are almost wholly incorrect. Fibral orientations and the 
distributions of flexures in the myomeres are somewhat difficult to 
elucidate. However, with careful dissection "clear demarkations | 
between muscle masses" are readily apparent (contra Auffenberg 1959, 
WaeZOS is 

According to. Auffenberg (1959, p. 264) "the specializations in 
Amphiuma can more easily be derived from the primitive condition in 
Necturus than can those of Stren."" In fact, Amphtwna is most readily 
derived from a hynobiid or ambystomatid structural ancestor, Wecturus 
is highly derived in its epaxial musculature, and Stren is much 
closer to Necturus in the structure of the dorsalts trunct than 
Amphtuma is to either of these (compare the figures and descriptions 
of the three genera provided below). 

In a manner somewhat similar to teleosts (see Nursall 1956), 
the myomeres show development of anterior and posterior V-shaped 
flexures. There are two anterior flexures in each myomere of the 
dorsalis trunct. The more medial primary flexure is probably homolo- 
gous with the single anterior flexure described in hynobiids, based on 
positional relationships. The secondary anterior flexure is shorter, 
does not extend as far into the next anterior myomere, and attaches to 
the transverse process below. This accessory flexure was presumably 
developed owing to the demands of anguilliform locomotion. The 
posterior flexure is seemingly homologous to the posterior portion of 
the main body of the myomere in ambystomatids. It has, however, 


undergone considerable increase in length. 
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Each of the three epaxial flexures extends deep into the neigh- 
boring myomeres, extending each myomere across several intervertebral 
joints. Muscle fibers fan from the flexures, concentrating force in 
these areas. This development of "forward and backward-pointing 
cones," with cones fitting within cones (Alexander 1968, p. 98), is 
less pronounced than in sharks or teleosts. However, it presumably 
serves the same function in fish and salamander, allowing each 
myomere to affect several vertebrae. This may decrease lateral 
bulging when the trunk muscles contract, smooth the action over 
several vertebrae, and/or divide the muscle fibers into numerous 
interseptal groups, providing more power than would a long undivided 
band. The system probably also causes force to be concentrated away 
from the vertebral column, decreasing stress on ae intercentral 
joints (see also Nursall 1956). 

The attachments of the myosepta to the vertebrae are closely 
correlated with topographic features on the transverse processes, 
neural arches, and centra. This differs significantly from the 
situation in other urodeles, although sirenids (q.v.) are closely 
convergent in this regard. Each septum extends forward from the 
anterior surface of the posterolateral flange of the hyperapophysis, 
along an indistinct ridge on the neural arch next to the neural crest. 
Then, Neeteroier al to the articular surface of the prezygapophysis, 
the septum reverses direction and extends posterolaterally along the 
large postzygapophyseal ridge to the posterolateral border of the 
postzygapophysis. From this point the attachment proceeds anteriorly 


along the edge of the postzygapophysis until the transverse process 
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is reached. The septum runs laterally along the rear edge of the 
transverse process and hence out into the muscle mass (see also the 
description of the trunk vertebrae of Amphtwma and Fig. 4). 

In addition to this main septum there is a relatively small 
septum attaching to the posterolateral surface of the hyperapophysis 
and proceeding posteriorly lateral to the neural crest. This provides 
attachment for the muscle fibers of the hyperapophyseal muscle. In 
contrast to hynobiids and ambystomatids, the hyperapophyseal septum 
is oriented vertically. Dorsal to the neural crest the septum is a 
backwards continuation from the septum that forms the boundaries of 
the myomere. Unlike the more primitive condition in hynobiids and 
ambystomatids, the septum attaches ventrally to the neural arch and 
dorsally to the superficial fascia, which bounds the dorsalis trunct. 
Nevertheless, derivation from the ambystomatid pattern is simple 
(compare, e.g., Ambystoma tigrinum). 

Within each myomere muscle fibers are aligned approximately 
parallel to the midline, but with deviations (especially in the more 
medial areas) where necessary to exert optimal pull on associated 
septa. Pinnate and fan-shaped muscle systems are thus formed within 
the myomeres (see also Hildebrand 1974). The detailed arrangements 
of the muscle fibers and septa of the dorsalts trunet are shown 


diagrammatically in Figures 28 and 29. 


Hypaxtal musculature (see Figs. 28 and 30).- According to Auffenberg 
(1968, p. 184) "the deeper portions of the subvertebralis complex are 
similar in all the genera [of salamanders] for which the myology is 


known, except for the strong series of fibers attaching on the 
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basipophyses [sic] in Amphtuna." This statement is incorrect, the 
subvertebralts being quite different amongst urodeles. Furthermore, 
the Hynobiidae, Cryptobranchidae, Ambystomatidae, and Amphiumidae 
form a homogeneous group with the same ground plan of axial muscula- 
ture. Amphtwna differs from the other members of this group (named 
the Archeocaudata below) only in the accentuation of certain aspects 
of the subvertebralts. 

The epaxial musculature is separated from the hypaxial by the 


transverse process and a thin horizontal septum. However, the two 


parts combine to form a single functional unit distal to the vertebral 


column. The septal pattern of the subvertebralts is developed in a 
manner analogous to that described for the dorsalts trunet, but as a 
reversed image. The subcentral keel of each vertebra may be con- 
Brdered the ventral functional analogue of the neural crest, whilst 
the anterior basapophyses correspond to the (posterior) hyperapophy- 
seal plate (see Fig. 4). The septa of the subvertebralts relate to 
the subcentral keels and basapophyses as do the epaxial septa to the 
neural crests and hyperapophyses, although the hypaxial system is 
somewhat simpler than the dorsal. 

From the posterolateral edge of each anterior basapophysis a 
septum extends posteriorly and slightly laterally along the ventral 
surface of the centrum. At the lateral edge of the posterior cotyle 
this attachment reverses to extend anterolaterally along a faint 
groove on the under surface of the ventral lamella to the latter's 
anterior edge. The septal attachment then proceeds along the antero- 
lateral surface of the lamella to the tip of the transverse process 


laterally, and hence into the distal musculature. The shape of the 
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ventral lamella correlates exactly with the sharpness of the angle 

of the anterior flexure of the subvertebral myomere. In the anterior 
part of the column, immediately postcranially, the flexures are very 
obtuse. This correlates with the small ventral lamellae sweeping 
very gently and smoothly posteriorly (see description of the verte- 
bral column of Amphtwna). However, throughout most of the column the 
ferere act processes are produced anteriorly into a plate, corre- 
lating with the greater acuteness of the anterior flexures. 

As in hynobiids and ambystomatids, anterior basapophyseal muscles 
are present, although greatly accentuated. The muscle fibers attaching 
to the basapophyseal septum are short and extend obliquely anteriorly. 
The medial series of fibers orient anteromedially between the sub- 
central keel and the basapophyseal septum, the lateral series extends 
anterolaterally between the basapophyseal septum and the septum of the 
posterior flexure of the next anterior myomere. Well-developed 
posterior flexures are present and neomorphic anterior flexures are 
Situated lateral and anterior to these in each myomere. The main 
body of each myomere is elongated and slants posterolaterally from 
the apex of the anterior flexure (see Fig. 30). 

The septal patterns of the epaxial and hypaxial myomeres are 
thus developed in a very similar manner, but with the system of 
flexures reversed and an extra flexure in the epaxial portion. The 
subvertebralts is bound by very tough connective tissue, which is 
continuous with the myosepta extending to the peritoneal surface. 

This layer, plus the partial overlap of the myomeres, makes the actual 


pattern more complex than the semi-diagrammatic figures might indicate. 
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In addition < the system of septal flexures described in associ- 
ation with the vertebrae, a large mass of musculature is developed 
distal to the vertebral column. This is composed of epaxial and 
hypaxial fibers, divided one from the other by the horizontal septum. 
By far the greatest proportion of trunk musculature is intermyoseptal, 
to use Auffenberg's (1959) terminology. The intermyoseptal muscle 
fibers act indirectly on the vertebrae. 

Except for the atlas and more posterior caudal vertebrae, exits 
for the spinal nerves are intervertebral. Each nerve passes laterally 
and slightly posteriorly through the subvertebralis into the lateral 
abdominal musculature. The nerves are not exposed to the peritoneal 


cavity. 


Lateral abdominal musculature (see Figs. 31 and 32).- The lateral 
abdominal musculature of Amphiwna is unique in having become completely 
separated from the epaxial and hypaxial myomeres. This portion of the 
axial musculature attaches laterally to the myomeres by means of tough 
connective tissue, contrasting with other urodeles in which only the 
Oo. e. superfictalts and transversus are generally separate from the 
subvertebralts. My dissections show Maurer's (1911) studies to be 
substantially correct, although further details may be added, 

The lateral abdominal musculature of Amphtuma is amazingly 
similar to that of Rhyacotriton and, to a lesser extent, Dtcamptodon. 
This 1S a Pteeee as regards the origins of the Amphiumidae, which 
are discussed more fully below. Edwards (1976) reported similarities 
in the patterns of spinal nerve exits in amphiumids and dicamptodon- 


tines. The additional resemblance in the lateral abdominal musculature 
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is suggestive of close relationship. This can be interpreted in two 
oe either these salamanders are derived from a common ancestor, 
or they represent derivation from a primitive grade and are, there- 
fore, not especially closely related (see below). 

The oblZtquus externus superfictalts is a narrow band extending 
only a short distance ventrally. Its muscle fibers align postero- 
ventrally at a slight angle and the sheet of musculature is a continu- 
ous lateral band, not divided by myosepta. The o. e. profundus is not 
visible until removal of the o. e. superftctalts and dorsal extension 
of the rectus abdomints. The fibers of the o. e. profundus extend 
posteroventrally between adjacent myosepta at an angle little dis- 
placed from the horizontal. Ventrally it merges with the fibers of 
the main part of the rectus abdomints. 

Deep to this layer is located the obltquus tnternus. This does 


not extend as far dorsally as do the fibers of the two layers of the 


external oblique. The fibers of the o. tnternus extend anteroventrally 


in the dorsal part, but midway down come to align horizontally. The 
Oo. @. profundus and o. tnternus blend together ventrally to form the 
main portion of the simple rectus abdomints. The muscle fibers here 
extend anteroposteriorly between the segmenting myosepta. Externally 
the rectus Oba aE gives rise to a thin layer of muscle fibers that 
align anteroposteriorly and cover the o. e. profundus in the area 
below the o. e. superfictalts. This is similar to the condition of 
dicamptodontines. 

The deepest part of the lateral abdominal musculature, next to 


the peritoneal cavity, is the transversus. This layer extends 
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dorsoventrally from just below the upper limit of the o. e. profundus 
to almost the medial border of the rectus abdomtnis. Its muscle 

fibers extend anteromedially at an angle barely displaced from the 
vertical. Excepting the o. e. superfictalts, all layers of the lateral 
abdominal musculature are transversely segmented by myosepta, which 
are in line with the myosepta forming the epaxial myomeres, although 
not connected to them. The segments thus formed are inclined such 
that the external edge Seo given myoseptum is further anterior than 


is the internal (deep) edge. 


iv) Family Ambystomatidae Hallowell 1857 
a) Subfamily Dicamptodontinae Tihen 1958 


Dicamptodon ensatus (Eschscholtz 1833) 


RANGE. Found from ''southwestern British Columbia to Santa Cruz County, 
California . . . in humid coastal forests, and in the Rocky Mountains 


of Idaho and Montana" (Anderson 1969, p. 761.1). 


HABITAT. Larvae are found in streams and creeks, while adults occur 
"under logs, bark, rocks, and other objects, usually in damp situa- 
tions not far from a permanent stream or in the water' (Stebbins 1962, 
p. 50). Neotenic individuals are known and the species Dtcamptodon 


copet is almost totally paedogenic (Nussbaum 1976). 


FOSSIL RECORD. None for this species, but Peabody (1954) described 
trackways from the Paleocene as a new genus Ambystomtchnus; these 
tracks show resemblances to those made by living Dtcamptodon ensatus. 


Tihen (1958) classified Ambystomichnus along with Dtcamptodon in the 
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Dicamptodontinae. A lower Pliocene trackway in California has been 


referred to Dicamptodon by Peabody (1959). 


RELATIONSHIPS. Tihen (1958) believed Dicamptodon to be an early deriv- 
ative of ambystomatid stock and not especially close to Rhyacotriton. 
Regal (1966) classified both these genera in a single subfamily, 
however, suggesting Dicamptodon to be "advanced" over Rhyacotrtton. 
Edwards (1976), largely on the basis of the relationships of spinal 
nerves to vertebrae, created a new family Dicamptodontidae for 
Dicamptodon, Rhyacotriton, and the fossil scapherpetontids. My 
interpretation, argued below, is that Rhyacotrtton and Dicamptodon 
are closely related and to be classified in a single subfamily within 
the Ambystomatidae. The precise relationships of the scapherpetontids 
are not well enough understood to support Edwards' (1976) suggestion, 


although it is possible that he is correct. 


REMARKS. These are large (to 12 inches total length), robust 
Salamanders. The limbs are powerful, with the hindlimbs much larger 
than the fore. In external shape and proportions Dtcamptodon is 
Similar to Ambystoma, but there are osteological and myological 
distinctions (see below and Tihen 1958). There are generally 12 

costal grooves. Larval Dicanptodon have elongate, narrow premaxillary 
spines, which are modified in the adult to very broad plates. It is, 
therefore, not correct to interpret the adult condition as a primitive, 
hynobiid-like, feature. It is rather an autapomorphy (Hennig 1966). 
Tihen (1958) interpreted the tendency to ossify parts of the hyo- 


branchial apparatus as a primitive feature. Comparison with hynobiids, 
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crytobranchids, and other ambystomatids shows this to be a secondary 


development (see also Krogh and Tanner 1972). 


Epaxtal musculature (see Figs. 33 and 34).- The dorsalis trunct of the 
adult and larva is very thick and extends laterally beyond the ends 

of the ribs. Unlike the species of Ambystoma described below, the 
anterior flexures lack medial portions. Rather, they join to their 
neighbours of the opposite side. These anterior flexures are very 
thin dorsoventrally, being composed of only a few layers of muscle 
fibers. In this, as in other features, Dicamptodon shares derived 
character states with Rhyacotrtton (q.v.), indicating they are more 
closely related than generally accepted. In adults, the anterior 
flexures are small in the anterior region of the trunk, increasing 

in their forward extent back along the column. In larvae, they extend 
forward a notably greater distance, almost to the hyperapophysis of 
the vertebra in front of the anterior vertebra of the pair spanned by 
their myomere. Muscle fibers extend anterolaterally within each 
anterior flexure, forming an acute angle with the median in adults. 

In larvae there is a single layer of superficial fibers running 
anterolaterally at a more obtuse angle. The topmost fibers are 
underlain by a series extending much more acutely. 

The main body of each myomere extends posterodorsally from between 
adjacent vertebrae and ribs. Most of the fibers extend anterolaterally 
as do those of the anterior flexure. In larvae, there is a single 
layer of fibers running anteroposteriorly on the lateral surface of 


each myomere. These are applied over the anterolateral fibers. No 
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horizontal septum divides the dorsalis trunct from the hypaxial 
musculature in adults, although one is present in larvae. In larval 
individuals there is a large mass extending posteromedially from the 
rear edge of each anterior flexure into the next posterior myomere. 
There appears to be no direct attachment of this deep posterior 
flexure to the vertebral column. Discrete, although large, posterior 
septa extend from the posteromedial surface of the main body of each 
myomere in adults. These extend posteromedially to join to the 
lateral edge of the hyperapophyseal spine of the vertebra just 
posterior to the last in the pair spanned by the myomere. They are 
present in the pectoral region, but reach maximum development 
posteriorly. Based on appearance and positional relationships, thes¢ 
posterior septa are almost certainly homologous to the deep posterior 
flexures described in plethodontids. 

Small hyperapophyseal muscle blocks are present. These arise 
from septa that attach to the posterolateral borders of each hyper- 


apophysis, one pair of septa per hyperapophysis. 


Hypaxtal musculature (see Figs. 33 and 34).- The subvertebralis of 
larval and adult Dicanptodon is basically similar, and the pattern is 
conformable to that of hynobiids and other ambystomatids. Anterior 
basapophyseal muscles are present and well developed. Those of the 
opposite side do not meet medially. Long, slender transverse process 
flexures extend back from each transverse process, and there are 
short, very broad anterior flexures. In larvae a short septum extends 
forward from each anterior flexure, paralleling the transverse process 


flexure of the next anterior myomere. In adults this develops into a 
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long, broad septum, which attaches medially to the connective tissue 
about the intercentral joint and to the internal septum of each 
transverse process flexure. Fibers extend anteromedially from the 
dorsal surface of each anterior flexure septum to attach to the next 
forward transverse process flexure, and anteriorly and slightly 
laterally from the ventral surface to form the anterior flexure of 
the next anterior myomere. Most ventrally there is a single layer 
of muscle fibers that obscures the features just described. 

In both larval and metamorphosed individuals the main body of 
each myomere is inclined anteriorly, such that the myomere overlaps 
its anterior neighbour. The subvertebralts is thick ventral to the 
ribs, especially in metamorphosed specimens. Muscle fibers extend 
anterolaterally in the main body of the myomere, but those running 
directly between adjacent ribs are aligned posterolaterally. The 
anterolateral fibers are continuous with the obltquus tnternus, 
whereas the posterolateral group blends with the o. e. profundus. 

Spinal nerves exit intervertebrally in the trunk, a condition 
also seen in Rhyacotrtton, amphiumids, and cryptobranchoids, but 


differing from other ambystomatids. However, the caudal nerves exit 


intravertebrally (see also Edwards 1976). In metamorphosed specimens 


the spinal nerve is buried in musculature throughout its length. In 
larvae the nerves are exposed to the peritoneum for a short distance 


before extending external to the transversus. 


Lateral abdominal musculature (see Figs. 33 and 34). The lateral 


abdominal musculature is basically similar in adult and larva. It 


shows certain resemblances to the conditions in Amphtwna, Rhyacotrtton, 
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and (to a lesser degree) plethodontids, but differs from that of 
hynobiids and ambystomatines. The situation in Dtcamptodon and 
Rhyacotriton is probably a shared-derived character, indicating 
monophyletic (sensu Simpson 1961) derivation of the two (see 
Conclusions). 

The obltquus externus superfictalts is relatively thick and not 
divided by myosepta. It is narrow dorsoventrally, slightly over- 
lapping the epaxial musculature above and the rectus abdominis below. 
The muscle fibers extend posteroventrally. Dorsally and ventrally 
the o. e. superfictalis attaches to a tough fascia, which surrounds 
enecrest of the trunk. Larvae'’differ from this'in that theo. é. 
superftctalts does not extend over the myomeres of the dorsalis 
trunct. 

A narrow rectus lateralts is present in larval, but not in adult 
individuals. In both there is developed a thick o. e. profundus and 
Oo. tnternus, which are continuous with the subvertebral musculature 
dorsally. These two layers are divided by myosepta and blend 
together ventromedially to form the rectus abdominis. The latter is 
very broad, but simply constructed — the adult being foetalized with 
respect to its retention of this simplicity. The r. abdomtnts also 
has a unit of anteroposteriorly directed muscle fibers that extend up 
over the external surface of the o. e. profundus. In larval individuals 
the latter unit is divided from the epaxial musculature by a distinct 
septum, which is lacking from metamorphosed specimens. 

The larval transversus is relatively wide, extending up under the 


subvertebralis, at which point it is divided by myosepta. This is 
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similar to certain species of Ambystoma (e.g., A. maculatun). In the 
adult the myosepta of the lateral parts of the subvertebral myomeres 

come to be deflected posteriorly. In this area the transversus is 

very thick and forms a functional part of the subvertebralis. The 
myosepta dividing the transversus dorsally have a more pronounced 
posterolateral alignment than those parts external to this (the latter 
rene the part dividing the o. e. profundus and o. tnternus segmentally). 
In comparison to the larval condition, the transversus of the adult is 
thick and relatively narrow dorsoventrally. Except for the most 


dorsal portion, it is not segmented by myosepta. 


Rhyacotriton olympteus (Gaige 1917) 


RANGE. Found "from the Olympic Peninsula of northwestern Washington 
southward to Mendocino County, California, in humid coastal [coniferous] 


forests" (Anderson 1968, p. 68.1). 


HABITAT. The genus is adapted to mountain brook life and has reduced 
lungs and gills. It is found "in and near small, rapidly flowing, 
well-shaded, permanent streams," often under rocks (Stebbins 1962, 


p90). 


FOSSIL RECORD. None known. 


RELATIONSHIPS. Gaige (1917) described this species as a hynobiid, 
Ranodon olymptecus. Dunn (1920) subsequently erected the genus 
Rhyacotrtton for the species and noted its similarity to Ambystoma and 
Dicamptodon. However, at that time he saw no necessity for classifying 


hynobiids and ambystomatids in separate families, Eaton (1933, 1934) 
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believed Rhyacotrtton to share streptostyly with Ambystoma gracile 
and A. macrodactylum, which was claimed to indicate derivation of 
Rhyacotrtton from A. macrodactylum or a similar species. Subsequent 
workers (e.g., de Villiers 1938a,b) questioned the presence of 
streptostyly and my observations indicate its occurrence to be 
doubtful. 

Tihen (1958) classified Rhyacotriton in a separate subfamily, 
the Rhyacotritoninae. He (1958, p. 22) noted that the genus shared 
several character states with Dicamptodon, but that these were 
primitive and that each genus "has so many unique characters that 
the two are no more similar to each other than to the remainder of 
the family.'' Tihen (ibid.) went on to state that: "All of these 
resemblances represent apparently primitive features; none of the 
specialized characteristics of either form are found in the other. 
The points of similarity do not, then, denote any close relationship 
between the two, but simply indicate that the lines leading to these 
two forms were derived from the ancestral proto-Ambystomatidae at 
an early stage, prior to the development of the specializations 
characterizing the remainder of the family." Krogh and Tanner 
(1972), although noting resemblances in the hyobranchia of 
Rhyacotrtton and Dicamptodon, also concluded that they were independent 
derivations from proto-ambystomatid stock. 

Regal (1966) classified Rhyacotriton with Dtcamptodon in the 
Dicamptodontinae, suggesting that it "could be classified with a group 
of hypothetical adaptive types in the Ambystomatoidea [ambystomatids 


and plethodontids]" (p. 405). He believed Rhyacotriton to be similar 
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to the ancestral plethodontid in its reduced lungs and prominent 
inter-premaxillary fontanelle. Worthington and Wake (1971) noted 
the apparent lack of derived characters shared by Rhyacotriton and 
Dicanptodon and argued against uniting these taxa on the basis of 
primitive characters alone. Regal's (1966) suggestion of pletho- 
dontid relationships to Rhyacotriton is noteworthy in light of the 
evidence presented below. 

Most recently, Edwards (1976) suggested a major revision in 
classification. His family Dicamptodontidae is composed of three 
subfamilies: the Rhyacotritoninae (Rhyacotriton), the Dicampto- 
dontinae (Dtcamptodon), and the Scapherpetontinae (Scapherpeton and 
Itsserpeton). This reclassification is based on patterns of spinal 
nerves and their relationships to the vertebrae. As argued below, 
it is here concluded that Rhyacotriton and Dtcamptodon are to be 
included in a single subfamily within the Ambystomatidae, as 


proposed by Regal (1966). 


REMARKS. The general shape of the head and trunk is somewhat similar 
to that of the eastern large plethodons (see below). This species is 
made up of relatively small animals, with individuals reaching four 
inches total length being large. There are usually 14 costal grooves. 
The trunk is robust, but not thickened, and the tail is relatively 


high and short. The limbs are robust, but small. 


Epaxtal musculature (see Fig. 35).- The dorsalis trunct is divided 
into myomeres of a pattern similar to that of Dicamptodon. A single 
row of large glands extends down the trunk medially (see Worthington 


and Wake 1971). Anterior flexures are as in Dicanptodon, with the 
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medial portions lacking. That is, muscle fibers do not fan forward 
within each flexure, but extend only anterolaterally from the midline. 
Unlike Dtcanptodon, however, no posterior extensions of the myomeres 


appear to be present. 


Hypaxtal musculature (see Fig. 35).- The subvertebralis of smaller 
Fhyacotriton differs significantly from that of Dicanptodon and 
Ambystoma. Young, although metamorphosed, specimens (snout/vent 
length of 40 mm) lack anterior basapophyseal muscles. Narrow 
posterior flexures are present next to the centra. These are modifi- 
cations of the transverse process flexures developed owing to failure 
of full anterior basapophyseal muscles to appear. There are no 
posterior basapophyses present on the vertebrae and the posterior 
flexures are integral parts of the subvertebralts. In larger speci- 
mens, a thin band of muscle fibers extending posterolaterally from 
each centrum to the paralleling septa converts this system into the 
anterior basapophyseal type of musculature seen in the other 
ambystomatids. 

Each subvertebral myomere has a small, forwardly projecting 
septum at the forward apex. Muscle fibers fan anteriorly from this 
septum. The main body of the myomere is thick, dropping more or less 
straight down from between adjacent ribs. In this main portion 
muscle fibers extend anterolaterally within each myomere. At the 
lateral edge of each half of the subvertebralts the transversus is 
underlapped. In this relationship to the transversus, and in overall 
structure, the subvertebralts resembles the condition of Plethodon 


very closely. 
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Spinal nerves exit intervertebrally in the trunk region (except 
for the atlas), passing laterally through the subvertebral myomeres. 
They are exposed to’ the peritoneal cavity for the lateral one third 
of the subvertebralts. From here they extend between the transversus 
and obltquus tnternus, each nerve paralleling a myoseptum. In the 
caudosacral and caudal regions the nerves exit intravertebrally (see 


also Edwards 1976). 


Lateral abdominal musculature (see Fig. 35).- As in Dicamptodon the 
obltquus externus superfitctalis is a narrow, relatively thick band 

not segmented by myocommata. The muscle fibers extend postero- 
ventrally at an angle little displaced from the vertical. 

Rhyacotriton differs from Dicamptodon in that the o. e. superfictalts 
does not extend over the epaxial myomeres or the rectus abdominis, 

but is confined to the area between the two. A further difference is 
the presence of a narrow rectus lateralis, a muscle apparently lacking 
in adult Dtcamptodon. 

The o. e. profundus and o. tnternus are present and developed as 
in Dicamptodon. Ventromedially these two units blend together to form 
the rectus abdominis, which is developed as in Dtcamptodon. The 
transversus does not extend onto the undersurface of the subvertebralts. 
Rather, it arises inside the subvertebral myomeres in association 
with the ribs. From here it extends anteroventrally against the inner 
surface of the o. tnuternus. The transversus is not divided by 
myocommata. 

Rhyacotrtton shows remarkable similarity in the lateral abdominal 


musculature to the condition in Plethodon and, more especially, Amphtuma. 
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b) Subfamily Ambystomatinae Hallowell 1857 


Ambystoma Tschudi 1838 


RANGE. Found throughout North America, except for northern Canada, . 
the southern part of Florida, the southern Rocky Mountains in the 
United States, Baja California, and the west coast of Mexico (see 


Tihen 1969). 
HABITAT. Very diverse, see under individual species below. 


FOSSIL RECORD. Four fossil species of Ambystoma are presently 
recognized: A. tthent from the lower Oligocene of Saskatchewan, 
placed in the A. opacum species group of Tihen (1958) by Holman 
(1968) , to which it bears little resemblance (see above). It is 
probably a member of the A. macrodactylum group described below. 

A. mtnshallt Tihen and Chantell 1963 is known from the Miocene of 
Nebraska, Colorado, and South Dakota (Chantell 1971, Tihen 1969) 
and assigned to the A. maculatum species group of Tihen (1958). It 
would fit as well or better in the A. macrodactylum group (see 
below). <A. kansense comes from the middle Pliocene of Kansas and 
is close to the A. ttgrinum species group (Adams and Martin 1929, 
1930, Taylor 1941, Tihen 1969). A. htbbardt Tihen. 1955 from the 
upper Pliocene of Kansas is very close to A. ttgrinwn. Remaining 
fossil Ambystoma are assignable to living species and are discussed 


below. 


RELATIONSHIPS. Relationships within the genus Ambystoma are dis- 
cussed below in the individual accounts of the species. Those of 


the genus are considered in the Conclusions section. 
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Ambystoma macrodactylum Baird 1849 


RANGE. The exact range of this species is uncertain, but specimens 
are known from northern California, throughout the States of Oregon . 
and Washington, much of Idaho, Vancouver Island, and southern British 
Columbia. It has also been collected from the northern part of 
British Columbia, the Rocky Mountains of southern Alberta, and Santa 


Cruz County, California (see Ferguson 1961, 1963). 


HABITAT. Found in a wide range of environments, "from sea level to 
9000 feet elevation, inhabiting sagebrush semidesert and all inter- 
mediate vegetation types up to alpine meadows" (Ferguson 1963, 

p. 4.1). Neoteny is not known and adults are secretive, found under 


logs and other kinds of surface litter. 


FOSSIL RECORD. None for this species, but Ambystoma tthent and A. 


minshallt may be related (see below). 


RELATIONSHIPS. Eaton (1933, 1934) suggested that A. macrodacty Lum 

could serve as an ancestor to Rhyacotrtton. This conclusion, based 

on the supposed common occurrence of streptostyly, has been rejected ~— 
by subsequent workers (de Villiers 1938a,b, Tihen 1958). Tihen 

(1958) placed A. macrodactylum along with A. gracile in the A. 

maculatum species group, although he did not consider the two western 
species to be closely related. He suggested that each was. derived 

from separate ancestry from within the A. maculatum group, each 

reaching the west via a northern route from Appalachia at a different 


time. 
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If, as here suggested, the A. maculatwn group of Tihen (1958) 
includes the most primitive living species of Ambystoma, it is more 
likely that A. macrodactylum and A. gractle are relict representatives 
of basal Ambystoma stock. In the structure of the vertebral column ) 
and associated trunk musculature, A. macrodactylum is decidedly 
primitive, closely resembling hynobiids, but somewhat divergent with 
respect to the eastern representatives of Tihen's (1958) A. maculatum 
group. 

There is no special reason to consider A. macrodactylum or A. 
gractle as close to the eastern members of the A. maculatum group. 

It is probably best to separate them into a distinct species group, 
representative of basal Ambystoma stock. This is the A. macrodactylum 
species group, including the living A. macrodactylum and A. gractle 
and perhaps the fossil species A. tthent and A. minshallt. Tihen's 
(1958) suggested sequence for the phylogeny of the genus Ambystoma is 
improbable (see Conclusions). In certain features the new species 
group shows resemblance to Dicamptodon and Rhyacotrtton (see descrip- 
tions provided, plus Eaton 1933, 1934). The resemblances shared with 
A. maculatum and its allies are, therefore, owing to retention of 
primitive characters and cannot be used to support special relation- 


ship. 


REMARKS. The ee is long and, for an ambystomatid, quite slender 
(compare A. maculatum). There are 12 or 13 costal grooves, with 
occasional counts as high as 14 (Stebbins 1962). The tail is long and 
laterally compressed, especially posteriorly. Limbs are fairly robust 
and powerful with elongate toes. The head is slender in comparison 


to other Ambystoma. 
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Epaxtal musculature (see Fig. 36).- The dorsalts trunct is similar to 
that of A. jeffersontanum, but with a proportionally greater mass. 
The anterior flexures are long and thin, but end bluntly. Muscle 
fibers within each flexure fan anteriorly from a forwardly Depa ecine 
septum on the apex of each flexure. 

The main body of each myomere is composed of fibers extending 
anteroposteriorly. The main body extends distal to the ribs a 
relatively greater distance than in either A. maculatum or A. 
jeffersontanum, owing to the shortness of the ribs in A. macrodactylum. 
Deep posterior septa are present in the most posterior region of the 
trunk. However, in contrast to the situation in A. jeffersontanum, 
they are not so much associated with the main bodies of the myomeres 
as with the anterior flexures (i.e. they are situated further anteri- 
orly on each myomere). Each slip attaches to the neural arch of the 
following vertebra just medial and anterior to the point at which the 


transverse process meets the neural arch. 


Hypaxtal musculature (see Fig. 36).- The subvertebralis is of basic 
ambystomatid plan, but somewhat modified. The more superficial muscle 
fibers fan anteriorly from the apex of each anterior flexure and the 
associated septum of the latter. Lateral to this, in the main body of 
each myomere, fibers run anterolaterally, the most lateral ones being 
‘Situated nee ee ean transversus (internally) and the o. e. profundus 
(externally). Each anterior flexure is provided with a broad, forwardly 
projecting septum, such as in Dicanptodon. Muscle fibers attach 
dorsally and ventrally onto this septum. The dorsal fibers extend 


anteriorly into the next anterior flexure, ventral fibers extend 
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anterodorsally onto the transverse process flexure of the next anterior 
myomere. Transverse process flexures are relatively short and narrow, 
with relatively long, posteriorly directed septa at their apices. 
Unlike the condition in A. maculatum, these posterior flexures are 
curved medially so as to cover most of the associated anterior bas- 
apophyseal muscles. These latter are developed as in the other species 
of Ambystoma. 

In the main body of each subvertebral myomere a thin ventral 
layer of muscle fibers extends anterolaterally. Dorsal to these the 
fibers run posterolaterally, forming the intercostal series. This 
group extends ventrally, becoming the o. e. profundus of the lateral 
abdominal musculature. The ventral rib-bearers are provided with a 
horizontal, short septum that extends posteriorly. These septa provide 
extra sites of attachment for the intercostal muscle fibers and were 
not observed in other adult ambystomatids. 

Spinal nerves, excepting those in association with the second 
cervical, are intravertebral in their exits and have the same posi- 
tional relation to the musculature as described in A. maculatum and 


A. jeffersontanum. 


Lateral abdominal musculature (see Fig. 36).- The layers of this system 
are distinctive amongst adult ambystomatids here described. Externally 
the o. e. superfictalis is a lateral band extending between the limb 
girdles. Transverse septa divide this unit and the muscle fibers run 
posteroventrally between them. Dorsally, the o. e. superfictalis 


barely meets the epaxial myomeres, exposing the rectus lateralis in 
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places. Ventrally, the o. e. superfitctalis extends to the area where 
the o. e. profundus and rectus abdomtnis merge. 

A distinct rectus lateralis is present deep to the o. e super- 
fictalts and ventral to the epaxial myomeres. This unit is, presumably, 
a neotenic character. As noted, the o. e. profundus is a direct 
continuation of the subvertebralis. In lateral view its fibers extend 
posteroventrally at an angle slightly displaced from the horizontal. 
Ventrally it merges more a less indistinguishably into the r. 
abdominis, There is no obliquus tnternus in the adult, although a 
portion of the subvertebralts extends a short distance between the 
transversus and o. e. profundus. The most dorsal part of the 
transversus is applied against the undersurface of the subvertebralts. 
Myosepta segment the transversus for approximately its dorsal two 
thirds. The muscle fibers extend anteroventrally at a relatively 
steep angle, little displaced from the vertical. Ventrally the 
transversus does not quite reach to the division between the two parts 
of the r. abdomints. 

The reetus abdomints superftctalts is continuous with the o. e. 
profundus dorsally, and composed of fibers extending anteroposteriorly. 
The r. a. profundus is composed of a single layer of muscle fibers 
running anteromedially. It is located between the o. e. profundus 
and the transversus, as well as being internal and lateral to the 
Yr. a. superfictalts. The r. a. profundus is less differentiated than 
in hynobiids, A. maculatum, or.A. jeffersonitanum, being presumably 


foetal in this regard. 
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Ambystoma gractle (Baird 1859) 


RANGE. Found along the Pacific coast of North America from the Alaskan 
panhandle southwards to northern California, and on Vancouver Island, 


British Columbia (Snyder 1963, p. 6.1). 


HABITAT. "Confined to coastal forests west of the Cascade Divide, but 
occurs from sea level to timberline.'' Adults are found baneath logs, 
in leaf litter, [and] stumps . . . in deciduous or coniferous forests; 
farval, life is confined:to ponds and lakes" (Snyder_1963, p. 6.1). 
Necteny is common, with populations from higher altitudes being 


composed largely of neotenic individuals (Snyder 1956). 
FOSSIL RECORD. None known. 


RELATIONSHIPS. Grouped by Tihen (1958) in the A. maculatum species 
group, but here considered to be most closely related to A. macrodactylum, 
the two forming a distinct species group (see discussions under A. 


macrodacty lum) . 


REMARKS. Only larvae of A. gractle were available for dissection. 

They are of typical Ambystoma structure with a relatively broad, 
depressed head. The trunk is robust, with 11 costal folds, as in A. 
tigrinum. The lateral abdominal musculature is thick and the belly 
large. The tail tapers to a fine point, is highly compressed laterally, 
and provided with a large dorsal and ventral fin. Skeletal material 

of adults available to me have a distinct postdental process on the 
vomers. Tihen (1958) claimed this process to be lacking in A. gractle, 


so there may be individual variability in this character. 
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Epaxtal musculature (see Figs. 37 and 38).- The dorsalis trunct is 
hick. rising above the vertebrae so that the hyperapophyses are deeply 
buried (compare larval A. ttgrinwn). There is a median groove between 
the two halves of the epaxial musculature. Anterior flexures extend 
only a short distance forward. In the anterior part of the trunk the 
medial parts of these flexures are not visible in external dorsal view. 
However, as the sacral region is approached, these portions become 
evident. 

The main body of each myomere rises steeply, with only a slight 
amount of posterior inclination. Myomeres in the anterior region are 
more steeply inclined than those further posterior. Muscle fibers 
extend anterolaterally and anteroventrally within the myomeres. Each 
hyperapophysis gives rise to a pair of hyperapophyseal muscles, the 
septa of which insert on the cartilaginous cap. These muscles are 
narrow from side to side, but originate along the entire length of the 


neural arch of the next posterior vertebra. 


Hypaxtal musculature (see Fig. 38).- The subvertebralts is situated 
laterally on either side of the centra, as in larval A. ttgrinuwn. The 
centra are not surrounded by musculature ventrally. Anteriorly the 
fifth and sixth subvertebral myomeres are transitional between: the 
nuchal and pectoral trunk musculature and that of the trunk proper. 
The third, fourth, and fifth myomeres are associated with the pectoral 
girdle and are relatively narrow anteroposteriorly. The medial pull 
of these myomeres is concentrated on the posterior cotyles of the 
Cente rather than on the anterior edges as in the more posterior 


regions of the trunk. 
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Cleared and stained larvae show the atlas and first three trunk 
vertebrae to be provided with distinct posterior basapophyses. All of 
the remaining trunk vertebrae have some trace of anterior basapophyses, 
at least in larger larvae. Anterior basapophyseal muscles are 
maximally developed in the midtrunk region, just posterior of the 
pectoral girdle. Here they are elongate, extending well forward along 
the sides of the centra. At the rear of the trunk, as the sacrum is 
neared, these muscles become progressively smaller, owing mainly to 
decrease in their anterior extent. In the immediately presacral 
myomeres, basapophyseal muscles are very small or lacking. They may 
be present on only one side of the column in this area. In the sacral 
region, basapophyseal muscles and transverse process flexures are 
lacking. Anterior basapophyseal muscles are well developed in larger 
larvae, which invariably have distinct anterior basapophyses on the 
centra, as do metamorphosed individuals. Transverse process flexures 
extend back from the ventral rib-bearers. These are closely associated 
with ene centra and anterior basapophyseal muscles. 

The subcostal portion of the subvertebralts is thick, extending 
well below the level of the ribs and centra. The myomeres are here 
composed of two layers: the more ventral fibers run anterolaterally 
to become continuous with the o. tnternus distally, the dorsal fibers 
proceed posterolaterally, blending with the o. e. profundus distal to 
the ribs. 

Excepting those associated with the second cervical (Tl), spinal 
nerves exit intravertebrally through foramina in the wall of the neural 


arch. The nerves are situated dorsal to the posterior flexures in the 
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trunk, but then extend to the ventral surface of the subvertebralis. 
Ventrally, each nerve lies next to the posterior edge of a myoseptum 
between the transversus and o. tnternus within the lateral abdominal 


wall. 


Lateral abdominal musculature (see Figs. 37 and 38).- The lateral 
abdominal musculature is of typical larval aspect, being relatively 
thick and composed of all layers. The o. e. superfictalts is applied 
against the lateral body wall, forming the external unit in this area. 
Ventrally it overlaps the rectus abdomtnts, but is not in contact with 
the epaxial myomeres dorsally. The o. e. superftctalts is divided 
transversely by myocommata, between which the muscle fibers extend 
posteroventrally. Just below the horizontal septum, beneath the 
epaxial musculature, is found a well-developed rectus lateralts, which 
is not covered by the o. e. superfictalts. Deep to the r. lateralis 
and o. e. superfictalis the fibers of the o. e. profundus extend 
posteroventrally between adjacent myocommata. Dorsally there is some 
overlap of the segments of this layer, such that each unit extends 
over its posterior neighbour to some extent. The o. e. profundus is 
continuous with the subvertebralts dorsally and abuts the r. abdomtnts 
ventrally: 

The o. tnternus is deep to the o. e. profundus, its fibers running 
anteroventrally. It has the same relationship to the subvertebralts 
and r. abdomints as does the o. e. profundus. The internalmost layer 
of lateral abdominal musculature, the transversus, is composed of 
fibers extending anteroventrally at an angle slightly displaced from 


the vertical. Dorsally it underlaps the subvertebralts and is here 
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divided by myocommata. For approximately its ventral one half the 
transversus is not segmented. It does not quite reach the r. abdominis 
ventrally. The latter is a simple, small unit of muscle fibers 
extending anteroposteriorly between myocommata. Externally this band 
Overlaps the o. e. profundus to some extent, internally it is very 
narrow. The two halves of the r. abdomints do not meet midventrally, 


but are separated by a thin strip of connective tissue. 


Ambystoma maculatum (Shaw 1802) 


RANGE. Found in the Maritime Provinces of Canada, west through central 
Ontario, and then south to the Gulf Coast, but lacking from Florida 


(Anderson 1967b). 


HABITAT. ‘Restricted to hardwood and mixed deciduous forest 

that have temporary or semi-permanent ponds available for breeding .*' 
The species is often lacking if ponds are periodically inundated by 
rivers or if there are permanent fish populations. The larvae seem 

to be competitively excluded by larval A. ttgrinum from ponds (Anderson 


1967b. pesdl 2). 


FOSSIL RECORD. Known from the Upper Pleistocene of Missouri (Holman 


1963). 


RELATIONSHIPS. Tihen (1958) clhassifiedsthis speciesias. the, type .of 

the A. maculatun species group in the subgenus Ambystoma along with 

A. jeffersonianum (q.v.), A. laterale, A. platineum, A. tremblayt, 

A. gracile, and A. macrodactylum. The defining characters of the group 


were held to be as follows: 
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1. Elongate vertebrae. 

2. Relatively long and narrow premaxillary spines. 

3. Parasphenoid concave laterally and with alar 
expansions posteriorly. 

4. Vomers lacking a postdentigerous process. 

5. Distinct gap between vomerine and palatine 
tooth rows. 


6. Second basibranchial tending to be transverse. 


The A. maculatum group was considered derived with respect to A. 
ttgrinum and its allies. However, the structure of the vertebrae and 
the configuration of the component parts of the trunk musculature are 
distinctly more primitive in the A. maculatum group (in that they more 
closely resemble the hynobiid state), whereas A. trgrinum is derived 
via paedomorphosis. As noted above, I recognize separation of the 


species A. macrodactylum and A. gractle into a separate species group. 


REMARKS. This species is relatively long-bodied, as are other members 
of the group. There are usually 12 costal grooves, although variation 
on either side of this number is present. The trunk, although long, 
is relatively stout, the limbs rather small but robust. The tail is 


long, somewhat compressed and lacks a dorsal crest. 


Epaxtal musculature (see Fig. 39).- The dorsalis trunci differs somewhat 
from the condition of A. jeffersontanum. Anterior flexures do not extend 
as far forward, but are more similar to those of other species of 
Ambystoma. In dorsal view almost the entire medial portion of the 


anterior flexure is visible without displacement of the myomere laterally. 
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Hyperapophyseal muscles are well developed, but resemble the condition 
in A. ttgrinum more than that of A. jeffersontanwn, in that the septum 
of each is long and narrow, with muscle fibers radiating medially and 
laterally. As in A. jeffersontanun, posterior slips from the main body 
of each myomere are present throughout the posterior half of the 

column. Other species of Ambystoma tend to have thete septa restricted : 
to the posterior one third of the trunk. Each slip has a wide area of 
insertion on the neural arch, just anterior to the postzygapophysis. 
From this point it narrows as it extends anterolaterally to the site 

of origin on the myomere. 

The superficial fibers of the main body of the myomere extend ~ 
anteroventrally, in contrast to the primarily anteroposterior alignment 
in A. jeffersontanum. The deeper fibers also exhibit this anteroventral 
orientation. The mass of muscle fibers contained in the myomere is 


proportionally less than in A. ttgrtnum. 


Hypaxtal musculature (see Fig. 39).- The subvertebralts differs from 
that of A. jeffersontanum in several minor aspects, although the two 
species are quite similar and retain the typical ambystomatid pattern. 
Midcentrally there is a strip along which the two halves of the 
subvertebralts do not meet. Anterior basapophyseal muscles are, 
correspondingly, narrower than in A. Jeffersontanun. However, there 
are prominent anterior basapophyses on the lateral edges of the cotyles 
in the posterior region of the trunk. Basapophyseal muscles insert 
onto these projections. The atlas and at least the second cervical 
have posterior basapophyses, correlating with the differing structure 


of the myomeres immediately postcranially. 
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In the main part of each myomere, beneath the ribs, the superficial 
layer of muscle fibers aligns anterolaterally. Medial to this layer a 
ventral layer of fibers runs anteroposteriorly. The presence of these 
fibers causes the myomeres to seem simpler in superficial ventral view. 
Upon their removal, the short transverse process flexure is seen. A 
long, relatively deep septum extends posteriorly from it. This septum 
also has a medially extending, horizontal component. Dorsal to the 
superficial layer, fibers proceed posterolaterally, being continuous 
with the o. e. profundus distally. The myomeres of the subvertebralts 
drop anteroventrally from between adjacent ribs. 

Excepting those associated with Tl, spinal nerves exit intraverte- 
brally, passing posterolaterally above the transverse process flexures. 
They are exposed to the peritoneal cavity at a level just distal to 
the ends of the transverse processes. From here they pass along the 
ventral surface of the myomeres until they disappear between the 


transversus and o. e. profundus. 


Lateral abdominal musculature (see Fig. 39).- The lateral abdominal 
musculature is so similar to that of A. jeffersontanum as to require 


no description. That of A. jeffersontanuwn is described below. 


Ambystoma jeffersontanum (Green 1827) 


RANGE. Found south of the Great Lakes, "from southern Indiana and 
central Kentucky northeastward through most of Ohio to the southern 
half of New York, southern Vermont, western Massachusetts, northwestern 
New Jersey, and south through the ridge and valley province of Virginia 


to the New River in Virginia and West Virginia" (Uzzell 1967, p. 47.1). 
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HABITAT. "Mixed and deciduous woods with swamps, pools, and slow 
streams. Often extremely abundant on riverflats, where they hide by 
day beneath old logs, bark, or other surface cover" (Bishop 1943, 


p. 134). Larvae are of the pond type. 
FOSSIL RECORD. None known. 


RELATIONSHIPS. Tihen (1958) included this species in the A. maculatum 
group, the relationships of which are discussed under A. maculatum and 


A. macrodactylum above. 


REMARKS. The trunk is long, but stout, with an elongate, laterally 
compressed tail. There are 12 costal grooves generally, and the limbs 


are robust with very long toes. 


Epaxtal musculature (see Fig. 40).- The epaxial musculature differs 
somewhat from that of other ambystomatids, including A. maculatum. 
Anterior flexures extend forward to a greater degree than in the 
species of Ambystoma described below. Each flexure is long and narrow, 
overlapping its anterior serial homologue for half the latter's length. 
The main body of each myomere rises posterodorsally from between 
adjacent ribs. This portion is of relatively smaller mass than in 
other ambystomatids and is laterally compressed. A long, relatively 
thin hyperapophyseal muscle underlies each anterior flexure. The 
septum of this muscle is long, taking up about half of its total length. 
The vaperticral fibers of the main body of each myomere extend 
anteroposteriorly rather than anterolaterally (compare A. ttgrinum). 
Posterior septal slips from each myomere are found in the rear half 


of the trunk. These run posteromedially from the main mass of the 
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myomere to insert on the dorsal surface of the postzygapophysis of 
the next posterior vertebra. A distinct horizontal septum, marked by 
a superficial lateral vein, divides the dorsaits trunct from the 


hypaxial musculature. 


Hypaxtal musculature (see Fig. 40).- Anterior basapophyseal muscles 

are thick and wide, extending medially over the ventral surfaces of 
the centra. Intercentrally, small diamond-shaped prove ane not covered 
by the subvertebralis. In this respect, and in the lack of anterior 
basapophyses for the insertions of the basapophyseal muscles, A. 
jeffersontanum resembles hynobiids. The transverse process flexures 
are relatively short and the main body of each myomere descends 
anteroventrally from between adjacent ribs. Spinal nerves exit 
intravertebrally, excepting those in association with Tl, with their 
pathways laterally being as in A. maculatum. Ventrally the nerves 


disappear into the rectus abdomints profundus. 


Lateral abdominal musculature (see Figs.. 26 and 40).- The lateral 
abdominal musculature recalls that of hynobiids. The o. e. super- 
fictalts is the lateral, most external band. It spans the area between 
the dorsalts trunct and the rectus abdomtnts, overlapping each slightly. 
The 0. e. superficialis is segmented, with the muscle fibers extending 
posteroventrally between the myocommata. Deep to this the o. e. 
profundus is found. It is a direct, ventral continuation of the 
intercostal muscles with fibers extending posteroventrally, but at a 
lesser angle than those of the o. e. superfictalts. Ventrally, the 
fibers of the o. e. profundus overlap the r. a. superftctalis in the 


posterior portion of each myomere. 
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Beneath the o. e. profundus is a’ very thin layer, also a continu- 
ation of the subvertebralis. This layer, although not extending to 
the rectus abdominis, is the o. tnternus, its fibers extending antero- 
ventrally between the myocommata. The presence of a partially developed 
o. tnternus is presumably a foetal trait. Internally, next to the 
peritoneum, is found the transversus. Moving successively more 
ventrally, the external surface of the transversus lies against the 
subvertebralts, o. tnternus, o. e. profundus, vr. a. profundus, and 
Yr. a. superfitctalis. Myosepta do not extend completely ventrally and 
the distal two thirds of the transversus is not segmented. The fibers 
extend anteroventrally. 

The rectus abdominis is divided into two parts. The most exterior, 
Yr. a. superfictalts, is segmented by myocommata that are continuations 
of those dividing the layers of lateral abdominal musculature discussed 
above. Its fibers run anteroposteriorly. The r. a. profundus is 
located between the transversus and the lateral part of the r. a. 
superfictalits. The former unit extends freely between the hyobranchium 
and pelvic girdle, as in the species of Hynobius described above. 
Muscle fibers extend between the myocommata so as to produce a spiral 
unit of musculature. The condition of the r. a. profundus, shared with 
some hynobiids, A. maculatum, plethodontids, and some newts, is 


presumably a primitive feature. 


Ambystoma opacum (Gravenhorst 1807) 


RANGE. ''From New Hampshire and central Massachusetts southward to 


northern Florida, westward through southeastern New York to the region 
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of Lake Michigan and southward through the Mississippi basin to 


eastern Oklahoma and eastern Texas" (Anderson 1967a, p. 46.1). 


HABITAT. Found in sandy and low-lying areas near streams and ponds. 
Better adapted to dry conditions than most other Ambystoma, and the 
only species of the family to deposit eggs on dry land in nests 


guarded by the female (Bishop 1943). 
FOSSIL RECORD. None known. 


RELATIONSHIPS. Tihen (1958) grouped A. opacum and A. talpotdeum in 
the A. opacum species group, subgenus Ambystoma. Krogh and Tanner 
(1972) suggested that A. talpotdewn was more closely related to the 
A. maculatum group than to A. opacum, but study of their data does 
not support their conclusions. Osteologically (Tihen 1958) and as 
concerns the trunk musculature, Tihen's (1958) grouping of these two 
species is corroborated. The characters used by Krogh and Tanner 
(1972) derive exclusively from the hyobranchial apparatus and many 
of these are subtle ratios. Study of the hyobranchium and of their 
descriptions does not support their suggested relations, which are, 
seemingly, an artifact of simplistic cluster analysis and the absence 
of interpretation. My studies indicate that A. talpotdewn and A. opacum 
are derivable from a structural ancestor represented by A. maculatum 


or A. jeffersontanum, as was suggested by Tihen (1958). 


REMARKS. The trunk is relatively stout, but less so than in A. 
talpotdewm. There are generally 11 costal grooves, and the tail is 


very short. 


Epaxtal musculature (see Fig. 41).- Although differing in proportions, 
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the dorsalts trunct is developed as in A. talpotdewn. In dorsal view 
the medial part of each anterior flexure is hidden. When the myomeres 
are displaced laterally, the total extent can be seen. However, the 
anterior flexures are short and the medial portions narrow. In 
contrast to A. talpotdeuwm, the main body of each myomere does not 
extend laterally beyond the ribs. From between each pair of ribs a 
myomere rises dorsally and posteriorly to overlap the myomere behind. 
The direction of the fibers in the epaxial myomeres is as in other 
species of Ambystoma. The posterior septum from the myomeres appears 


to be lacking throughout the column. 


Hypaxtal musculature (see Fig. 41).- Although of the same basic 
pattern, the subvertebralts is not notably similar in A. opacum and 

A. talpotdeun. A median strip is not covered by musculature, leaving 
the: ventral borders;of the centra open to the peritoneal cavity. The 
myomeres in association with the atlas and second cervical have medial 
slips extending anteriorly to insert on the posterior basapophyses of 
these two vertebrae. The second trunk vertebra lacks basapophyses 

and anterior basapophyses are present on all remaining trunk vertebrae 
up to the sacral region. Associated anterior basapophyseal muscles 
are present and conformable to those found in A. talpotdeun. 

The transverse process flexures are longer than in A. talpotdeun, 
with an elongate posterior septum. In this regard A. opacum is 
similar to other species of Ambystoma. The differing relative lengths 
in the two species of the A. opacwn group may, in some way, be corre- 
lated with the burrowing habits of A. talpotdewn. Excepting its 


deposition of eggs on land, A. opacum is more typically ambystomatid 
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in its natural history. The remainder of the subvertebralts is 
developed as in A. talpotdewn, and the relationships of the spinal 
nerves to the vertebrae and myomeres is conformable in the two species 


(see below). 


Lateral abdominal musculature (see Fig. 41).- The lateral abdominal 
musculature of the two species of the A. opacwm group is very similar 


and described under A. talpotdeum below. 


Ambystoma talpotdeum (Holbrook 1838) 


RANGE. Found on the coastal plains of South Carolina, Georgia, 
Florida, Alabama, Mississippi, Texas, and northwards along the 


Mississippi River and its eastern drainages (Bishop 1943). 


HABITAT. This is a burrowing species, tending to be found in areas 
of sandy soil, but rarely in damp areas of leaf litter and rotting 


wood. Breeding occurs in ponds and other standing water (Bishop 1943). 
FOSSIL RECORD. None known. 


RELATIONSHIPS. A member of the A. opacuwm species group of Tihen (1958), 


the relationships of which are discussed above under A. opacun. 


REMARKS. The trunk is stout and short in comparison to other amby- 
stomatids. There are only 10 costal grooves and the tail is very short 


and rounded in cross-section. 


Epaxtal musculature (see Fig. 42).- In dorsal view the more medial 
parts of the anterior flexures are hidden, the myomeres appearing to 
Sweep posteriorly from the midline. However, if the epaxial musculature 


is displaced laterally, the typical pattern of the ambystomatid anterior 
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flexure is seen. ci comparison to A. ttgrtnum, the anterior flexures 
are proportionally smaller with respect to the main body of the 
myomere. Positional relationships with the neural arches of adjacent 
vertebrae are as in A. ttgrinwm. Deep to each flexure is a small 
hyperapophyseal muscle. Based on topographic relationships it is 
homologous to the muscle of the same name in other ambystomatids, but 
appears to lack a septum anteriorly (compare A. ttgrinum). 

The main body of each myomere rises posterodorsally from between 
adjacent ribs. The more posterior trunk myomeres send a large septal 
projection posteromedially to attach to the posterior zygapophysis 
of the vertebra behind the two that the myomere spans. The main body 
extends further laterally beyond the ribs than is the case in either 


A. ttgrinum or A. opacun. 


Hypaxtal musculature (see Fig. 42).- In essentials the subvertebralts 
is as in other species of Ambystoma. The most superficial, ventral 
layer of each myomere covers the basic folding of the myosepta. 
Medially these superficial fibers extend anteromedially; lateral to 
this they align anteroposteriorly; furthest laterally they extend 
anterolaterally. The subvertebralts leaves a narrow median strip along 
which the vertebral column is exposed to the peritoneum. Above the 
thin superficial layer the pattern of fibers and septa is relatively 
complexly folded. 

A narrow basapophyseal muscle extends on either side of each 
centrum, originating along the lateral surface. These muscles insert 
on the lateral edge of each anterior cotyle, at which point in the 


posterior part of the column are developed small anterior basapophyses. 


suroten oer te ators faveien oy ah 
{Lange et seyault done at wos 
ob ah aqidenotsetut-sisqarogod na ry 
jars Ak tamateydens taste a. Smse Ome ost’ 40-93 
menage ho esequnea). ei te 
momwinad aca sa Ke roberas2oq eonly ovens dine to veo ots a 
fasene igre i Sie eb tBino wn trav cotinine tbat 
viweigowng yt: schsed oe git -o7. onazs ann 
vibra rnd an ei! . patina: etme oz, neh une wen 
rulsie mh neo, oft 2% mest, edi. ois, Sasahidl ateerigt 
didiaite seen ait oily etateanens hos es ait wi) | 
Lewin. (kaka ttcoque teem: athe 
actepenckan sidtt tte gato otead ods $exten OK 
ot taneret: 74a) ‘a thomoxetam banosee erat Jstoitseqen 91 
niente igo ditateoal teed, ‘atop eebamtne if ‘ Bh 
finery lew re py Va Tt vale “a 
inin, xiens ra wOrzen © aoveal Bie) | i 
eth: yo, idessno tito we! of ‘boon + fstoo 


Si aie 
eres at atqod bin: sees ie annotig att oe talot 


ie 


Anteriorly, including the atlas, second cervical (Tl), and (often) 
the second trunk vertebra, are developed posterior basapophyses. The 
hypaxial musculature in association with these structures differs 
Significantly from that in the posterior region of the trunk. A medial 
slip extends anteriorly from the second myomere to insert on each of 
the posterior basapophyses of the atlas. A similar slip extends 
anteriorly from each of the third myomeres to the second cervical. 
Similar posterior basapophyseal slips are found in hynobiids 
(e.g., H. retardatus), but are lacking in both larval and adult 
A. ttgrinum, being represented by very small, anteriorly extending 
septa. Such slips are present in adult A. gractle, but lacking from 
the larvae, indicating that the condition in A. ttgrinum has been 
modified via paedomorphosis. These observations corroborate the 
suggestion that the A. opacum, A. maculatum, A. macrodactylum, and 
A. ctngulatum species groups preserve the primitive pattern of axial 
musculature and vertebral structure for ambystomatids, whereas the 
other ambystomatine species groups and the dicamptodontines are 
modified. Based on cranial and vertebral structure, Tihen (1958) 
suggested that A. ttgrinwn and its allies represented the primitive 
species of Ambystoma. However, the above suggestion and mosaic 
evolution seem to better accord with the observations (see Conclusions). 
Relative to that of A. ttgrinwn the transverse process flexure 
iS.dulce, short. with a very small posteriorly extending septum. 
Anteromedially each myomere sends forward a short, broad horizontal 
Septum, which extends under the transverse process flexure of the next 


anterior myomere. Longitudinal fibers arise on the dorsal and ventral 
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surfaces of this septum and extend to the transverse process flexure. 
Lateral to this the main portion of each myomere drops anteroventrally 
from between adjacent ribs, in which region the subvertebralts is 

very thick. 

Excepting those associated with Tl, spinal nerves exit intraverte- 
brally, passing posterolaterally until each reaches the peritoneal 
surface of its myomere at a level just distal to the rib-bearers. 

From here they proceed laterally and ventrally to disappear between 
the transversus and o. tnternus. In the lateral abdominal musculature 


each nerve is found immediately posterior to a myocomma, 


Lateral abdominal musculature (see Figs. 26 and 42).- Ventral to the 
subvertebralis, the abdominal musculature is divided into three layers, 
each of which is segmented by myocommata extending down from the 
dorsalts trunct. The most superficial o. e. superfictalts extends 
between the dorsalis trunet and the rectus abdomints superfictialtis, 
both of which it overlaps slightly. The fibers of this layer are 
aligned posteroventrally at an angle just slightly displaced from the 
vertical. 

Inside this layer the o. e. profundus is a direct continuation of 
the subvertebralts, passing ventrally to grade with the r. a. profundus. 
The o. e. profundus is thin, with the fibers running posteroventrally 
at an angle little displaced from the horizontal. This orientation, 
and its position next to the o. e. superfictalis, indicate this unit 
to be the o. e. profundus rather than the o. tnternus. The subverte- 
bralts extends a short distance ventrally between the transversus and 


oO. @. profundus, this part being presumably the homologue of the 
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o. tnternus (compare A. jeffersonianum and A. tigrinun). The internal 
transversus underlaps the subvertebralts slightly, is applied against 
the inner surface of the o. e. profundus, passes deep to the r. a. 
profundus, and partially extends onto the peritoneal surface of the 
r. a. superfictalis. The transversus is segmented by myocommata for 
most of its length. 

The ventral rectus abdominis is separated into two parts: the 
ry, a. profundus and the r. a. superficialis. The latter forms the 
external band of longitudinal muscle seen in ventral view in a skinned 
specimen. Its medial part is thickest, abutting laterally against the 
r. a. profundus. Its ventrolateral portion is thin, extending dorso- 
laterally exterior to the r. a. profundus. The deep part of the 


rectus abdomints is complex, appearing to be a ventral continuation 


of the o. e. profundus, which is folded back over itself. Its internal 


layer has fibers extending anteromedially between myocommata, whereas 


the more external part has fibers running anteroposteriorly. 


Ambystoma etngulatum Cope 1867 


RANGE. Found from South Carolina along the coastal plain through 
Georgia and into northern Florida. Also west across northern Florida 


along the Gulf Coastal Plain to easternmost Mississippi (Martof 1968). 


HABITAT. ''Flatwoods dominated chiefly by slash pine . .. and wire 
grass ... .. Adults are often found beneath logs near shallow ponds 
or swamps. These aquatic sites are the breeding and larval habitats" 


(Marteo£s1968.,..p:..5744}... 
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FOSSIL RECORD. None known. 


RELATIONSHIPS. Tihen (1958) grouped A. etngulatun with A. mabeet, 
A. sehmidtt, A. texanun, and A. annulatum in the subgenus Linguaelapsus, 
which he considered to have been "derived at a relatively early date 
from the maculatwn-opacum group precursor stock" (p. 46). Linguaelapsus 
was distinguished by the following features: 
1. Long, narrow premaxillary spines (closely appressed 
above the dental shelf in A. etngulatum). 
2. Several rows of teeth on all tooth-bearing elements 
(except in A. mabeet). 
3. No teeth on palatine portion of vomer (except in 
A. mabeet). 
4. No lingual flange of bone on dentary. 
5. Annular otoglossal cartilage lacking. 
6. 13 to 15 costal grooves, body elongate with respect 
to the subgenus Ambystoma. 
7. Vomer with postdentigerous process, as in the 
A. ttgrtnum species group. 

A. etngulatum and A. texanum are very similar, but the position of A. 
mabeet within the subgenus Linguaelapsus is problematical (Tihen 1958). 
Tihen (1958) considered Linguaelapsus to have primitive and/or 
neotenic features (e.g., lack of an annular otoglossal, lack of lingual 

flanges on the dentary, and a posteriorly expanded parasphenoid). He 
concluded, however, that these were to be interpreted as owing to partial 
foetalization rather than to the retention of primitive characters. 


Linguaelapsus was believed to have been derived from the "maculatwn-opacum 
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group precursor stock" after the latter had split from the A. ttgrinum 
stock. In light of my findings, however, it is more likely that in 

the A. cingulatun group the features noted by Tihen are owing to 
retention of primitive features. I agree that it is derived from 

A. maculatun stock, but argue that the latter is primitive with respect 
to A. ttgrinum and its allies (see Conclusions). Further, I do not 
believe it necessary to continue recognition of a subgenus Linguaelapsus, 


which may be referred to as the A. cingulatum species group. 


REMARKS. This is a relatively small species (3.5 inches being an 
average adult size, see Bishop 1943) of Ambystoma, with an elongate, 
relatively robust trunk and 13 or 14 costal grooves. The limbs are 
small for an ambystomatid and when appressed ass one or two inter- 
costal folds between the toes. The tail is long, oval in cross-section, 
and but slightly compressed laterally. The teeth are in rows on all 
tooth-bearing elements and their apices are broadly oval and spade-like. 
Owing to the condition of the anatomical specimens at my disposal 
it has not proven possible to elucidate sufficient detail of the trunk 
musculature to make descriptions or drawings of this species useful. 
However, it can be said that the structure is conformable to that of 
the A. maculatum group and that it tends to confirm an hypothesis of 


derivation from that group. 


Ambystoma tigrinum (Green 1825) 


RANGE. Very widespread over the North American continent, excepting 


mountainous, cold, or very dry areas (see Gehlbach 1967 for range map). 
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HABITAT. Found in areas "with substrates suitable for burrowing" 


(Gehlbach 1967, p. 52.1) and with standing water for breeding. 


FOSSIL RECORD. Known from the upper Pliocene and through all stages 
of the Pleistocene in Arizona, Florida, Georgia, Kansas, and Texas 
(Gehlbach 1967). Tihen (1942) reported a large number of remains of 
~ neotenic A. tigrinun from the latest Pleistocene of Kansas. A. 
kansense, from the upper Pliocene of Kansas, is very close to A. 
ttgrinun and placed in the A. ttgrinwn species group (Tihen 1955, 


1958). 


RELATIONSHIPS. Tihen (1958) recognized two species groups for the 

A. mextcanum and A. ttgrinwn complexes, plus a separate subgenus 
Bathystredon for A. dumerillt. More recent work by Brandon (1970a,b, 
1972, 1976, 1977) indicates very close relationship between the species 
of these groups. Although Tihen's (1958) groupings can certainly be 
justified, I prefer to recognize only a single species group, the 

A. tigrinum group, including Tihen's (1958) A. ttgrinwm group, A. 
mextcanum group, and subgenus Bathystredon. This complex includes the 
most derived species of Ambystoma, characterized by paedomorphosis. 
There is little doubt as to the apomorphic nature of these species, 
-based on ontogenetic considerations and on in-group and ex-group 
comparisons. As demonstrated below, Tihen's (1958) phylogenetic 


hypothesis for Ambystoma cannot be accepted. 


REMARKS. In well-fed specimens the trunk is very stout and robust, 
recalling the larval form of other Ambystoma. There are generally 
12 costal grooves and the body is roughly lens-shaped between the limb 


girdles. The limbs are powerful, but short. 
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Epaxtal musculature (see Figs. 44 and 45).- The dorsalis trunci is seg- 
mented in a manner conformable to the pattern in hynobiids and other 
ambystomatids. The anterior flexure extends about one half of the 
distance along the first vertebra of the pair spanned by its myomere. 
The main body of the myomere is swept somewhat further posteriorly 
than is the case in the Hynobiidae. This may, in some way, correlate 
eh the presence of more divergent rib-bearers in this species than 
in either hynobiids or the more primitive ambystomatines described 
above. 
Beneath each anterior flexure, and inserting on the posterior 

edge of a hyperapophysis, is a small hyperapophyseal muscle. These 
are paired, two originating on the neural arch of each vertebra and 
inserting on the hyperapophysis of the next anterior vertebra by means 
of septa. Muscle fibers fan medially and laterally from each septum. 
The homologous muscles of hynobiids are not differentiated into such 
discrete units. In these the septum proceeding anteriorly and ventrally 
from the anterior flexure attaches to the neural arch of the next 
anterior vertebra. This ventral attachment is lacking from A. ttgrinum 
and the other ambystomatids here described, resulting in the differenti- 
ation of a free hyperapophyseal muscle. | 

| In the posterior third of fhe ane a septum extends postero- 
medially from the main body of each myomere to attach to the dorsal 
surface of the postzygapophysis of the vertebra following the pair with 
which its myomere is associated. This septal slip is similar to that 
described in some hynobiids, but its insertion is further medial in 


this species of Ambystoma. In the main body of each myomere, lateral 
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to the anterior flexure, the more superficial fibers align antero- 


laterally. Deep to these, the muscle strands extend anteroposteriorly. 


Hypaxtal musculature (see Fig. 44).- The hypaxial musculature is 
conformable to that of the species of Ambystoma discussed above, but 
differs in proportions. The subvertebralts fails to cover a median 
strip along the column. A thin sheet of muscle covers the main body 
of the myomeres, the fibers partly overlapping the more complex medial 
parts that are dorsal to it. Basapophyseal muscles are relatively 
narrow, but low robust anterior basapophyses are present for their 
insertions in larger adults. The posterior flexure from each 
transverse process is relatively short and wide, with an elongate, 
posteriorly projecting septum on each. A short, but prominent anterior 
flexure projects from below the articulation between the rib and its 
transverse process. From the anterior flexure, the main body of the 
myomere proceeds posterolaterally at a pronounced angle. Each myomere 
overlaps the posterior part of its anterior neighbour, and extends 
posterolaterally to grade into the obliquus tnternus. 

Spinal nerve exits are intravertebral, excepting for Tl, which 
lacks foramina. The nerves pass posterolaterally dorsal to the 
transverse process flexures, until they reach the ventral surface of 
each myomere. Each nerve then extends along the peritoneal surface 
until covered by the transversus. Laterally and ventrally the nerve 
is found between the transversus and 0. tnternus, just posterior to ae 
myocomma of each segment. It finally disappears into the rectus 


abdomints. 
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Lateral abdominal musculature (see Figs. 44 and 45.)- A. tigrinum has 
four layers in the lateral body wall and a simple ventral rectus 
abdominis. This condition is a secondary, paedomorphic development. 
The obliquus externus superficialts is as in the Hynobiidae, but there 
is individual variation in its dorsal extent. In some, it does not 
overlap the epaxial musculature, but is bound to the o. e. profundus 
so as to leave a gap dorsally beneath the epaxial portion of the 
myomere. More commonly, however, it overlaps the dorsalts trunct for 
a very short distance. The muscle fibers of the o. e. superfictalts 
extend posteroventrally at a high angle and are segmented by 
myocommata. The deeper o. e. profundus grades dorsally with the 
subvertebralis and ventrally with the rectus abdomtnts. Its fibers 
extend anteroposteriorly just ventral of the dorsalis trunct, but run 
posteroventrally throughout the remainder of the unit. 

The o. tnternus also grades with the subvertebralts, but not 
with the vr, abdominis. Its muscle fibers extend anteroventrally, but 
at a lesser angle than those in the transversus. The internalmost 
transversus underlaps the subvertebralts dorsally and the rectus 
abdomints ventrally. Muscle fibers proceed anteroventrally and are 
not divided by myocommata in the distal half of the transversus. The 
relatively thick rectus abdomtnts is a single, simple ventromedial 
band of muscle fibers extending anteroposteriorly. This is a larval 


characteristic. 


Larvae (see Fig. 43).- The trunk of unmetamorphosed specimens of A. 
tigrinun is very deep and somewhat laterally compressed. However, 


this distinction from metamorphosed individuals is owing to the 
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larger size of the internal organs (especially of the digestive tract) 
and not to a larger mass of musculature. Because of the differing 
demands of terrestrial locomotion, adults have a greater mass of axial 
musculature. In larvae and neotenes the locomotory function is | 
concentrated in the tail, the trunk remaining relatively immobile 
during swimming. On land, adults use the bending of the trunk as an 
important aid in walking (Roos 1964, Edwards 1977) and, in aquatic 
locomotion, the whole body is thrown into curves. 

Epaxial musculature of the larva is concentrated dorsolateral to 
the vertebral column. The myomeres do not contact each other mid- 
dorsally, and there is a lesser amount of musculature in the dorsalis 
trunet than in the adult. Anterior flexures extend anteriorly a 
somewhat shorter distance than in adults. In the posterior part of 
the trunk myomeres exhibit posterior overlap to a greater degree than 
in the anterior part. A posterior septal slip from the myomere extends 
posteromedially to insert on the dorsal surface of the postzygapophysis 
of the vertebra behind the pair spanned by the myomere. 

The subvertebralis possesses the same pattern as in adult speci- 
mens, but there is a lesser mass of musculature present. Anterior 
basapophyseal muscles are small and thin, and basapophyses are, 
therefore, absent in larvae. The posterior flexure from each transverse 
process is developed to about the same extent as in the metamorphosed 
adult, although the septum projecting posteriorly from it is relatively 
much shorter. The main body of each myomere is thinner in the larvae, 
but the directions of the muscle fibers are conformable to the condition 
in terrestrial specimens. Spinal nerves share the same relationship 


to vertebrae and musculature as in the adult. 
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The relationships and orientations of the muscle fibers of the lateral 
abdominal musculature are the same in the two ontogenetic phases of 
the tiger salamander. The abdominal wall of the larva, however, is 
much thinner and the two halves of the rectus abdomints are distinctly 


separated by a band of fascia. 


v) Family Proteidae Hogg 1838 


Necturus maculosus Rafinesque 1820 


RANGE. ''The Mississippi River system from the Arkansas River and 
northern Alabama northward; the Great Lakes and St. Lawrence and their 
tributaries in Manitoba, Ontario, and Quebec; Lake George and Lake 
Champlain, Mohawk River and Barge Canal, middle Hudson... , 
Susquehanna River, Delaware River . .. , Connecticut and Farmington 


rivers in New England (introduced)" (Bishop 1943, p. 40). 


HABITAT. Completely aquatic "in the clear waters of lakes and streams, 
but [also] occurs in muddy and weed-choked bays and coves, and in 


canals and drainage ditches" (Bishop 1943, p. 40). 


FOSSIL RECORD. Comonecturoides, known from a single femur from the 
Upper Jurassic of Wyoming, has been referred to the ''Necturidae" by 
Hecht and Estes (1960), but its relationship to WNecturus is problen- 
atical. Vertebrae of a new species of Necturus from the upper 
Paleocene of southern Saskatchewan are known (see Fig. 13, also Naylor 
1978b). Romer (1966) notes Necturus as questionably present in the 
Oligocene of North America, but the source of this referral is unknown 
to me. A vomer possibly of Neecturus from the lower Miocene Gering 


Formation was collected by the University of Nebraska, but lost before 
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it could be described (Estes, pers. comm.). Lynch (1965) reported 
vertebrae of Necturus in the Pleistocene of Florida, outside the present 


range of the genus. 


RELATIONSHIPS. Hecht (1958) reviewed the nomenclatorial history of 
Necturus and its included species. He divided the genus into three 
species groups: the W. punctatus group (with two subspecies of MN. 
punetatus), the N. lewtst group (NW. lewist and two subspecies of NM. 
beyert), and the N. maculosus group (monotypic with three subspecies). 
Brode (1970), however, recognizes only two species, WN. maculosus and 
N. punctatus, each with three subspecies. 

In spite of the arguments of Hecht (1957) and Hecht and Edwards 
(1976) , there is no good reason to consider Necturus as merely con- 
vergent upon Proteus. Larsen and Guthrie (1974), Kezer et al. (1965), 
and Brandon (1969) have provided convincing evidence for close 
relationship of the two proteid genera. Additional evidence and a 
critique of the contentions of Hecht and Edwards (1976) are considered 
below (also Naylor 1978b). The two genera are here considered to be 
closely related and monophyletic. Familial relationships are discussed 


in the Conclusions. 


REMARKS. The trunk is elongate, somewhat dorsoventrally compressed, 
and stout, with 15 costal grooves usually present. The limbs are small 
but well developed and active in locomotion over the substrate. The 
tail is short, laterally compressed, and high. The trunk musculature 
is simplified and distinctive. Auffenberg (1959) has described the 


epaxial musculature of Necturus, concluding (incorrectly) that it shows 
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a primitive condition. Certain of his observations differ from mine 


and corrections are given below. 


Epaxtal musculature (see Fig. 46).- Auffenberg (1959, p. 263) stated 
that in comparison with Sten and Amphtuma, “Necturus is decidedly 
the most primitive in its epaxial fiber traces, “and (pi. 255) that 
"in regard to the deeper tracts Necturus is most primitive." These 
interpretations are owing to evident confusion over primitive and 
Simple features, and to lack of information as to the conditions in 
other urodeles. Complexity is not necessarily synonymous with derived 
character states, especially in salamanders. It is evident that 
Necturus is, in fact, very derived as xegards its trunk musculature, 
almost certainly having evolved from an opisthocoelous ancestor. The 
pattern of its trunk musculature differs greatly from the basic, 
presumably primitive, condition of hynobiids and ambystomatids (q.v.). 
The epaxial myomeres are somewhat simplified, but still of basic 
urodelan plan. Anterior flexures are produced a short distance forward 
and are quite narrow. The full extent is evident only when the 
dorsalts trunct is displaced laterally. The main body of the myomere 
rises gently posterodorsally from between adjacent ribs. Auffenberg's 
(1959, p. 257) brief description of the attachments of the myosepta to 
the vertebrae is incorrect. The septum does attach "to the posterior 
edge of the neural arch [= hyperapophysis] of one vertebra," but the 
connection does not then extend "posteriorly to the succeeding vertebra 
along the dorsal surface of its transverse process." Rather, the 
septum extends along the lateral edge of the hyperapophysis of the 


first vertebra, then along the edge of the postzygapophysis to the 
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transverse process of the same vertebra. It extends along the postero- 
dorsal edge of the transverse process and rib distally. This is the 
basic situation throughout the Caudata. 

Unlike the condition in the anguilliform salamanders, Amphtuma 
and Stren, but as in Cryptobranchus, there is relatively little muscula- 
ture located dorsal to the vertebral column. There is an increased 
mass of musculature relative to normally metamorphosing salamanders, 
but this is positioned dorsolateral and lateral to the colum. 

A thin septum is located deep to each anterior flexure, extending 
from the hyperapophysis to which it attaches, posteriorly over the 
surface of the neural arch of the succeeding vertebra. Muscle fibers 
extend posteromedially and posterolaterally from each septum, 
producing the hyperapophyseal muscles. In addition to this system, 
there is developed a zygapophyseal septal system. Each of these septa 
arises on the anterior, dorsal surface of a posterior zygapophysis 
just below the attachment of the hyperapophysis to the neural arch. 
The enna extends anterolaterally into the myomere from this point. 
Medially, fibers extend anteromedially to the hyperapophyseal septum. 
Laterally, the fibers run anterolaterally and anteriorly to the next 
anterior vertebra and its associated myoseptum. The zygapophyseal 
septa and their associated muscle fibers presumably serve to concen- 
trate force on the posterior portion of each vertebra. 

The fibers of the main body of each myomere extend anteroposteri- 
orly, both superficially and deep. The most posterior myomeres, 
anterior to the sacrum, have a deep posterior flexure. This flexure 


arises from the posteromedial surface of the main body of the myomere 
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and extends posteromedially to insert on the anterolateral edge of 
the hyperapophysis of the vertebra behind the pair spanned by its 
myomere. These flexures are broad near their origins from the myomeres 
and narrow to the points of insertion. | 
Auffenberg (1959, pp. 258-259) describes certain of the 
"myoseptal-vertebral" muscle fibers as follows: "The fibers run from 
the postero-dorsal surface of the transverse process of one vertebra 
posteriorly to the anterior surface of the succeeding septum, and from 
the posterior surface of this septum to the antero-dorsal surface of 
the succeeding transverse process. Thus fibers run anteriorly and 
posteriorly to each septum from the preceding and succeeding transverse 
processes." For this system to be true, there would have to be fibers 
crisscrossing in each myomere. The utility of such a system is obscure 
and, indeed, I find no such network in specimens available to me. 
Instead, the muscle fibers extend anteroposteriorly in this region 


parallel to one another. 


Hypaxtal musculature (see Fig. 46).- The subvertebralts resembles that 
of Salanandra (q.v.), but is derivable from a system similar to that 
of some plethodontids as well. This genus differs from paedogenic 
Salamanders of other families in the simple development and relatively 
small mass of the subvertebralts, but closely resembles Proteus. In 
some specimens “iy ribs are exposed ventrally to the peritoneal cavity. 
More often, however, they are covered, although to a limited degree, 
by musculature. In these cases the rib is covered by muscle fibers 
from the myomere situated behind it. 

Except for a relatively short, broad posterior flexure extending 


back from each transverse process, each myomere is limited to the area 
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between two adjacent vertebrae and the associated ribs. This posterior 
flap is remarkably similar to that of Salanandra and is undoubtedly 
homologous to the posterior flexure of plethodontids and, by extension, 
to the transverse process flexure of ambystomatids. The large 
posterior basapophyses of the extinct batrachosauroidids are of note 

in this regard, as they indicate the presence of similar posterior 
flexures, although modified to form posterior basapophyseal muscles. 
The most superficial, ventral muscle fibers extend anteroposteriorly 

in the area below the transverse processes, and anterolaterally beneath 
the ribs. This layer is thin, but blends laterally into the thick 
obtquus tnternus. Dorsal to this peritoneal layer, muscle fibers 
extend anteroposteriorly. Laterally and ventrally this group merges 
into the fibers of the o. e. profundus. 

Except for those associated with the atlas, spinal nerves exit 
intervertebrally, a condition probably of secondary derivation. Small 
larval newts of at least some species (e.g., Trtturus vulgarts) have 
intervertebral exits, although this is soon converted to the intra- 
vertebral condition. The nerves in Necturus pass posterolaterally 
through the subvertebralis to become exposed to the peritoneal cavity 
at a level just distal to the ends of the transverse processes. They 
are then covered internally by the transversus. More distally, the 
nerves are located between the transversus and o. internus, adjacent 


to the posterior edge of each myoseptum. 


Lateral abdominal musculature (see Figs. 46 and 47).- Maurer (1892, 
1911) described and figured the lateral abdominal musculature of 


Menobranchus lateralis (= Neeturus maculosus). However, as certain of 
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his observations differ from mine, redescription is necessary. The 
condition of the musculature conforms generally to that described 
by Mivart (1869, p. 453) and Walker (1970). An obltquus externus 
superfictalts is present, but as an extremely thin unit formed of only 
a single layer of muscle fibers. Its delicate nature probably 
accounts for the failure of both Mivart (1869) and Walker (1970) to 
note its presence. The o. e. superfictalts overlaps the epaxial 
musculature to a Significant degree. From here the fibers extend 
posteroventrally at an angle somewhat displaced from the vertical 
and overlap the rectus abdomints ventrally (see also Maurer 1892, 
Dice rtie.. 2, and toll pl ll, ite. 10). 

The o. e. profundus is a very thick layer, being a direct ventral 
continuation of the intercostal musculature. Its fibers extend 
posteroventrally and blend ventrally with the simple r. abdomtnis. 
Maurer (1911, pl. II, fig. 6) shows a small rectus lateralts external 
to the o. e. profundus and just below the dorsalis trunct. The valid- 
ity (or usefulness) of distinguishing such a separate band is 
problematical, as its fibers are not separable from those of the 
Oo. @. profundus. There are, nevertheless, muscle fibers aligning 
anteroposteriorly in the area of the r. lateralts of other salamanders, 
labelled 'x' by Maurer (1911). 

Deep to the o. e. profundus a layer of muscle fibers extends 
anteroventrally. This is the o. tnternus, also a direct continuation 
of the subvertebralis. The rectus abdomints is not set cff from the 
other units of the lateral abdominal musculature. Ventrally the muscle 


fibers of the o. e. profundus and o. tnternus blend together and come 


wit! -cladansion ed eudanl 
‘hedPrsess badd oF eitiprems ‘ears 83 
pipet ‘eit ehaie MA corery prance 
ino to tainted bias iy qioaetixe ne: a fie ia ts fee. 
(téstorg wraten Sestleb ae “ered a 
+ TOCUL) eedtaW bas (R681) -sravim Nted to eri 
latuaqe’ S13 eda febyo a Shab yugee i 6 ‘ae 
bewree -yeedsy at? stort naar tesa sites thingie ts 
echoreay ot wort boosiqz th 2 alwenoe pone iia + a 4 
COR rus? cela see) ipraney “iniebiyis eer ae 
| {3 ght IT le Lier bow rh 
fouraey staith gated peer 2ORGS vaste eet ekveory s ES 
bts sak avads att Vem esi Eudeie ‘bagedonsait a> em 
asinyretds it etqute. ty. ee Vlora asia to wht 
teiresns siete anrges “Jukwe pwede (o a. an iq ve 
-bitey off “iSeewt® EAigereh eae eebee ‘way hia: ipsdbprnst ort a ‘64 
i ot baad shonkdiee 8 Gane jabiietugatiits “ araaati : 
eft! torneona mat: aldoneqad pon ad siete nth as «is iz 3 
grintgiis ecodat steun ta iee ae ons ‘srett* stn 


Zoe aie . 


Ls 5 


umebasnn fee yeild. fie abt ousenl - silt 40 pau: oe at UUreis 

| an a ari -yquieny ‘coma ed Txt pelt 
ne ees otis te wal & auch oet a 6 Pee, > 

Gekgaunt tee: gqusth o cehe (ReiaTAP | ‘eet eq ektt” iieen ws 

Site mor) Yt sex fon gt sheiachts sey edt istheotnenton alee ; 

rs pir alts ieee sata Cone bivpictie: dnxeiet siz °to° atime ado 

58 Whe auckiogod ris enon 1 hae paetinty +8 caliber 


251 


to extend anteroposteriorly between myocommata; this is the rectus 
abdominus. Although Maurer (1892, p. 96, and 1911, pl. II, fig. 6) 
notes and figures a rectus abdomitnis profundus, I find no trace of 
this muscle in Wecturus, nor do Mivart (1869) or Walker (1970) mention 
it. Walker (1970, p. 126) terms the r. abdomints of Necturus as 
"incipient". However, in other features of the trunk musculature 

this genus is highly apomorphic and comparison with larval and adult 
conditions in other families shows clearly the secondary nature of 

the simple proteid rectus abdominis. It is a reduced, paedomorphic 
condition. 

The deepest layer of lateral abdominal musculature is the 
transversus, found next to the peritoneal cavity. This layer has 
fibers extending anteroventrally at an angle little displaced from 
the vertical. The transversus is applied against the ventral surface 
of the subvertebralts, underlapping the latter to a significant degree. 
Tough fascia extends medially from the dorsal edge of the transversus 
under the subvertebralts. The dorsal third of the transversus is 
segmented by myosepta continuous from the distal ends of the ribs. 
_The remainder of the unit is free of this. 

The lateral abdominal musculature of Necturus superficially 
resembles that of paedogenic salamanders of other families 
(Cryptobranchus , Amphiuma, and Stren) in being very massive. However, 
it differs significantly in detailed structure from these, while being 


similar to Proteus (q.v.). 
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Proteus anguinus Laurenti 1768 


RANGE. The monotypic Proteus is known only from Yugoslavia and 


(perhaps) Austria (Thorn 1968). 


HABITAT. Found only in the cool waters of underground lakes and 
streams in limestone caves, the species seems to prefer areas of weak 
current and muddy bottoms (Thorn 1968, p. 118). It is apparently to 
some extent a burrower in mud and sand (Steward 1969), as seems 
reasonable considering its structure. "Food . . . consist[s] largely 
of a local freshwater crustacean of the genus Nyphargus" (Steward 
1969, p. 148). The species can be either ovoviviparous or ovi- 


parous. 


FOSSIL RECORD. Hylaeobatrachus Dollo 1884, from the Lower Cretaceous 
of Belgium, may be related to Proteus (see Conclusions). The position 
of Palaeoproteus Herre 1935 from the Paleocene and Eocene of Europe 
remains uncertain. Herre (1935b) considered it to be a proteid, but 
Estes et al. (1967) suggested that it was a salamandrid. I consider 
it a member of the Batrachosauroididae (see Naylor 1978a, also below). 
Orthophyta, from the Miocene of Europe, is possibly related to Proteus, 
as suggested by Herre (1935b), Kuhn (1962), and Brame (1967). Brunner 
(1956) named a new species of Proteus, P. bavarteus, from a Pleisto- 
cene cave deposit of the Riss-Wurm interglacial (but see Estes and 
Darevsky 1977). Estes and Darevsky (1977) named a new genus and 
species of proteid salamander from the Miocene of the Caucasus. 
Mtoproteus caucastcus is known from trunk and caudal vertebrae, an 


atlas, parts of the hyobranchial skeleton, vomers, and dentaries. 
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This species shows resemblances to both Wecturus and Proteus and may 
represent the genus Orthophyta, for which all material has been lost 


(see Estes and Darevsky 1977). 


RELATIONSHIPS. Proteus is here considered to be closely related to 
Neeturus, with which it forms a monotypic family. The reasons for 
this and the relationships of the Proteidae are discussed below in 


the Conclusions. 


REMARKS. Proteus is an elongate, thin salamander recalling Stren in 
form. The trunk is long (ca. 25 costal grooves) and subcircular in 
cross-section. The tail is short and laterally compressed. The head 
is large, flattened, and spade-like, with enlarged, overhanging lips. 
The eyes are buried beneath the skin. In spite of attenuation, Proteus 


is similar to Necturus in overall form. 


Epaxtal musculature (see Fig. 48).- The two halves of the dorsalis 
trunet are distinctly separated by a middorsal band of adipose tissue, 
which extends ventrally to the tops of the neural arches. The myomeres 
resemble those of Necturus, but are somewhat modified. Anterior 
flexures are narrow, shortened, and simplified. The internal, antero- 
medially extending group of muscle fibers is lacking from each anterior 
flexure, but the anterolaterally extending group remains. Anterior 
flexures are well set off from their adjoining myomeres, with an area 
filled with a small, elongate unit of adipose tissue separating each 
main body from its anterior flexure. The main body of each myomere 

is wide and produced far anteriorly under its anterior neighbour. 


Muscle fibers in each extend anteroposteriorly, but with a definite 
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anterolateral component. Modifications for the elongate body and 
anguilliform swimming are evident in the distinction between the 
anterior flexures and the main bodies, and in the steep posterodorsal 
rise of the main bodies, as opposed to the simple overlap of the 
myomeres seen in "normally" proportioned salamanders. 

The deep posterior flexures described in Wecturus are lacking 
from Proteus, possibly owing to the myomeres extending much further 
posteriorly in the latter. Likewise, the zygapophyseal septa and 


associated muscle fibers of Necturus appear absent in Proteus 


Hypaxtal musculature.- The subvertebralts is underlain by tough fascia, 
on which *he transversus originates laterally. Medially a simple 
posterior flexure is developed in association with the subcentral keel. 
These are similar to those seen in Wecturus, but in more intimate 
association with the centra. They are formed by a septal ribbon 
originating on the posterior cotyle of one vertebra and extending back 
to parallel the subcentral keel of the following vertebra. Muscle 
fibers fan from each septum, posteromedially to the subcentral keel, 
posterodorsally and posterolaterally onto the ventral lamella, and 
posterolaterally to a pent which descends’ from the forward edge of 
the ventral lamella. The posterior flexures thus formed are more 
distinct from the main bodies of the myomeres than is the case in 
Necturus. 

The myomeres do not extend anteriorly beyond the edges of the 
ventral lamellae, thereby producing a slight gap between adjacent 
myomeres, which is filled with adipose tissue. The posterior flexure 


and main body of each myomere form an L-shaped structure, with the 
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flexure forming the backwardly projecting, short arm of the L and the 
main body forming the posterolaterally extending long arm. The main 
bodies are formed of two units of fibers, the ventralmost layer 
extending anterolaterally between myosepta and the more dorsal gees 
proceeding posterolaterally. Ribs are lacking on the trunk vertebrae 
and these layers blend completely with the o. tnternus and o. e. 
profundus, respectively. 

Excepting those of the atlas, spinal nerves exit intervertebrally, 
passing through the subvertebralts until just before the transversus 
is reached. Here they are exposed for a short distance to the perito- 
neal cavity. In the lateral abdominal musculature they extend between 


the transversus and o. tnternus, each one just posterior to a myocomma. 


Lateral abdominal musculature (see Fig. 48).- The lateral abdominal 
musculature is all but identical to that of Wecturus. The o. e. 
superftetalts is not distinct, but is a very thin unit, the fibers of 
which extend posteroventrally at much the same angle as those of the 
0. @. profundus. It is distinguishable from the o. e. profundus owing 
to overlap of the rectus lateralts dorsally. The latter muscle is 


thick and not clearly set off from the o. e. profundus. 
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The o. @e. profundus is thick, its fibers extending posteroventrally 


between the myocommata. Both it and the o. tnternus are as described 
in Neecturus. The transversus is also thick, but not divided by 
myocommata, although it is otherwise as in Wecturus. According to 
Maurer (1892) the transversus originates, as in Stren, on tendons 
connecting the transverse processes of the vertebrae. This is not, 


strictly speaking, correct. Part of the transversus is attached to the 
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ventral surface of each transverse process by fascia, but not as in 
Stren, in which the transversus attaches to the transverse processes 
over a very wide area and extends into the subvertebralts to do so. 
Although not segmented, the transversus of Proteus attaches to the 
myocommata of the o. tnternus dorsally. 

The o. e. profundus and o. tnternus are formed such that there 
is overlap of each segment of the lateral abdominal musculature. 
This overlap is a continuation of the overlap of the myomeres of the 
dorsalis trunet and resembles the situation in Stren, which doubtless 
reflects convergence in long-bodied anguilliform or pro-anguilliform 
organisms. Ventrally the o. e. profundus and o. tnternus merge to 
form the simple, although relatively thick, rectus abdomints. The 
muscle fibers of this extend anteroposteriorly. Maurer (1892, 1911) 
describes a rectus abdominis profundus in Proteus that supposedly 
connects to the hyobranchium. Muscles from the rectus abdomints do 
extend onto the branchial arches, but there is no trace of ar. a. 


profundus in Proteus. 


vi) Family Plethodontidae Gray 1850 
a) Subfamily Plethodontinae Boulenger 1882 
Tribe Plethodontini Wake 1966 


Plethodon Tschudi 1838 


RANGE. Especially common in the Appalachian Mountains, but ranges 
north into Canada, south into Florida, and to the Gulf of Mexico. Also 
found westward to Texas and almost to the region of the Great Plains. 


P. neomextcanus is found in the Jemez Mountains of New Mexico. The 
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West Coast species are found on Vancouver Island, southeastern British 
Columbia, and then down the coastal areas into northern California. 
There are isolated populations in Idaho and Montana (see Highton 1962, 


Stebbins 1962). 


HABITAT. The members of this genus are secretive and totally terres- 
trial. Eggs are laid on land and brooded by the female. More details 


are given under the individual species below (see also Dunn 1926). 


FOSSIL RECORD. Plethodon is first known from the latest Pleistocene 
of Florida (Holman 1958, 1959a,b), where it is represented by fossil 
vertebrae of the living species P. glutinosus. Tihen (1968, p. 114) 
claimed Plethodon probably appeared ''before or during the Miocene," 


but to my knowledge this is not documented by fossil evidence. 


RELATIONSHIPS. The genus has a disjunct distribution, one group found 
in eastern North America and the other on the West Coast. Dunn (1926) 
considered that Plethodon was derivable from no existing genus and 

that it was the most primitive member of a generic group also including 
Ensatina, Hemidactyltum, Anetdes, and Batrachoseps. Primitive features 
were held to include few costal grooves (correlated with a lower number 
of trunk vertebrae), a long vomerine tooth series, double premaxillae, 
and pale dorsal markings. Dunn also suggested that the most primitive 
species were those in the P. glutinosus group (also including wehrlet, 
jordant, shermanit, metcalfi, and yonahlossee). The P. etnereus group 
(eastern small plethodons) was thought to be more derived, whereas the 
western plethodons were the most derived. Wake (1966) considered P, 


yonahlossee to be the most primitive of its genus. 
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Highton (1962, 1972) followed Dunn's division of Plethodon into 
three species groups. However, he considered the western and eastern 
small plethodons to be more primitive than the eastern large plethodons 
(Dunn's P. gluttnosus group). Wake (1966) modified Dunn's generic 
grouping by removing Hemtdactyltun and Batrachoseps to other tribes, 
the Hemidactyliini and Bolitoglossini respectively. 

My studies tend to provide support for the conclusions of Dunn 
(1926) and controvert the suggestions of Highton (1962, 1972) and Wake 
(1966). Arguments are presented below (see Conclusions), but a brief 
summary is given here. I consider Hemtdactylium and Batrachoseps to 
be closely allied to Plethodon and to be classified in the Tribe 
Plethodontini (Dunn's Plethodon group). The aquatic larval stage of 
Hemidactyltum is probably a secondary reversion, as suggested by Dunn 
and not controverted by any subsequent work. Batrachoseps cannot be 
closely related to the bolitoglossines as it lacks a free tongue. 

These reinterpretations necessitate renaming Wake's (1966) Hemidactyliini 
the Euryciini, as Hemtdactyltum is removed. 

Within the genus Plethodon, Dunn's hypothesis of relationships is 
also to be upheld. achtonte (1962) primary criteria of morphocline 
polarity are the numbers of trunk vertebrae and patterns of coloration, 
The former can certainly be used to some extent in the elucidation 
of relationships. However, the use of patterns of coloration is, 
unfortunately, ugevesss Colour is extremely plastic, changing rapidly 
as ecological relationships and background colours change (e.g., Cott 
1940, Thayer 1909). At least in salamanders of this genus, the colour 
patterns are undoubtedly serving a cryptic function, permitting no 


utility for phylogenetic reconstruction. 
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Based on the structure of the trunk musculature, structure of the 
vertebrae, and ex-group comparisons of these features, the eastern 
large plethodons are seen to be the most primitive members of the 
genus. The eastern small and western plethodons are derived with 
respect to this group, perhaps having evolved independently with no 
special relationship to each other. I also consider that P. neo- 
mextcanus should be placed in its own species group (see also Muizuno 
and MacGregor 1974), being perhaps derived from the eastern large 
plethodons. The four species groups of Plethodon may be referred to 
as the P. glutitnosus group (Highton's eastern large plethodons), the 
P. ctnereus group (eastern small plethodons), the P. neomextcanus 


group (monotypic), and the P. vehteculwn group (western plethodons). 


Plethodon jordant Blatchley 1901 


RANGE. Found in "the Great Smoky Mountains in western North Carolina 


and eastern Tennessee" (Bishop 1943, p. 261). 


HABITAT. ''This species is abundant in and beneath old rotten, 
moss-covered logs and bark and, more rarely, beneath stones and slabs 
oft: rock" (Bishop 1945, p: 261). Eggs are lain on land and brooded by 
the female. According to Dunn (1926, p. 14) P. jordant is often 


fossorial in rotten wood. 
FOSSIL RECORD. None known, 


RELATIONSHIPS. A member of the P. gluttnosus species group (eastern 
large plethodons of Highton 1962, 1972), considered by Highton to be 


derived, but in fact probably the most primitive species of Plethodon. 


259 


eat 


ak . i he eee i 
maasane Dad aera ‘eon 40 


‘naa: ok Clemniente, .atge 


ra 


beni Ye erodes, ov sieeg: sean 


ey 
wu ALN ea < 
2 is ty : 

ma ty \: 


ae bowhrob ote, enobodrotq, | 


nate) bias 


ott Wo kw <irsbiaaebat J bouts sein ~ 


setae Pe elt” ib a anle ae 


ate Le RebonIelg gt gl ad smog) 


esr enema (ent: «(ecb note bn gapeee) 


exnbolsolg arr cer): 


4 4 } 4 
Bak ae 
i= 


“eas Neddode depict seionet 


on i 


gnticnus? ieeel. stored ee A aakeanudt soni a { = bs ‘A 


’ 


whet btn Wap 
“gins! tanln eunasa Sr ile Pa! al 
7 ae béhboosd r bee’ fnad ae ndash oe, cs ‘eek 4 ee 


petted al) Sasiey a fat me «ott aN 


Leekdhdik) quan wots qe won 


a beh 
os ot toadgit “a hexobrenes. meas 2 Ed 3 


tei i at 
melanie wt ‘0 tptoege syoiiy pen 
ore {: rif a 5 it yy an ‘hey tee rf 
i i ' } : awe : 1 (te f «6 , eh a ‘| 
i ii y ae i 
) it 
| i inett N 
Ses ( iA 
*/ i ee ree te, 


260 


The genus Plethodon is most closely related to Anetdes and Ensatina, 
but Hemidactylium and Batrachoseps are also allied. According to 


Highton (1962), P. jordant and P. glutinosus are very closely related. 


REMARKS. P. jordant has a long, relatively narrow trunk with 15 or 16 
costal grooves. The tail is long and robust, and subject to breakage 

at any point along its length. The trunk is very long for a non-neotenic 
species, this perhaps being one of the reasons for the development of 
functional opisthocoely in larger individuals (see Conclusions). The 
limbs are quite small and short, with two or three costal grooves 
remaining between the toes of appressed limbs. The tongue is not free 


anteriorly, but is capable of considerable extension. 


Epaxtal musculature (see Fig. 49).- The myomeres are of basic urodelan 
and plethodontid pattern, rising posteriorly from between adjacent 
vertebrae and with the deep posterior flexures inserting onto the 
dorsal surfaces of the posterior zygapophyses. P. jordant is, however, 
of more primitive aspect than many of the plethodontids described sub- 
sequently in that the anterior flexures are produced further forward. 
Well-developed hyperapophyseal muscles are present, each pair inserting 
on one of the posterodorsally extending, bifurcate, and plate-like 
hyperapophyses (see Fig. 14). The pattern and relationships of the 


myomeres of the dorsalts trunct are shown in Figure 49, 


Hypaxtal musculature (see Fig. 49).- The subvertebralis shows a markedly 
primitive construction, exhibiting features of hynobiids and ambysto- 
matids, but also foreshadowing the more derived plethodontid condition. 


The septal pattern of each myomere is basically the same as in young 
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metamorphosed Rhyacotriton (q.v.), but the pattern of the muscle fibers 
associated with the septa and of the attachment of septa to the verte- 
brae differs from other ambystomatids. Lateral to each intercentral 
joint a septum extends anteriorly and medially along the lateral edge 
of the anterior centrum. Based on positional relationships, this 
septum is homologous with the anterior basapophyseal septum of 
hynobiids and ambystomatids. However, it differs in attaching to the 
posterior basapophyseal area and in lacking internal muscle fibers 
joining it to the centrum. Rather, it retains only the external group 
of fibers, which extend anterolaterally to the next anterior myomere, 

As in ambystomatids, a distinct posterior flexure extends back 
from each transverse process. However, the internal septum of each 
flexure extends anteromedially to:the posterior cotyle of the next 
anterior vertebra. From each V-shaped flexure a long, relatively wide 
septum extends posteriorly. Fibers fan backwards from this into the 
next posterior flexure. Although homologous with the transverse 
process flexure of cryptobranchoids and ambystomatoids, this flexure 
is called the posterior flexure in plethodontids and salamandrids so 
as to emphasize the change in pattern that has occurred. 

Comparison of this system with that of hynobiids shows the funda- 
mental similarity and homology of structures. However, the area in 
which pull is concentrated on the centrum differs. In the more 
primitive ambystomatids and hynobiids with anterior basapophyses there 
is anterior and posterior pull on the anterolateral edges of the centra. 
In the more derived state, such as P. jordant, there is posterior and 


anterior pull on the posterolateral portions of the centra, at which 
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point posterior basapophyses are liable to develop in larger indi- 
viduals. Estes (1965b and pers. comm.) notes that larger individuals 
of P. jordant and P. glutitnosus sometimes have both anterior and 
posterior basapophyses. If so, this could indicate that the associ- 
ation of the posterior flexure with the centrum is variable in 
placement. These species show all but perfect intermediate stages 
between the more primitive salamanders and the typical plethodontid 
Peon tion, with P. glutinosus (see below) being somewhat more derived 
than P. jordant in terms of the subvertebralis. 

In superficial ventral view the basic pattern of the subverte- 
bralts is more or less obscured in P. jordant, owing to a layer of 
long muscle fibers covering the posterior flexures. Lateral to this 
region the myomeres descend anteroventrally from between adjacent 
ribs, such that each myomere partially underlaps its anterior neighbor. 
The most ventral muscle fibers, next to the peritoneum, extend antero- 
laterally in the main body of the myomere. This layer is thin and the 
fibers dorsal to it extend posterolaterally and, distally, blend into 
the o. e. profundus. 

Adipose tissue is concentrated beneath each centrum, between the 
left and right halves of the subvertebralis. Each spinal nerve in the 
trunk proper exits intravertebrally, just behind the origin of a 
transverse process. From here they extend posterolaterally through 
the subvertebralis, paralleling the ribs. The nerves are exposed to 
the peritoneum near the lateral edge of the subvertebralis and then 
pass between the transversus and o. e. profundus along the posterior 


edge of each myoseptum in the lateral abdominal musculature. 
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Lateral abdominal musculature (see Fig. 49).- Except for one or two 
features, the musculature of this region is as in other plethodontids. 
Externally the o. e. superftctalis covers the area between the dorsalis 
trunet and the rectus abdominis. The fibers of this unit extend 
dorsoventrally and are segmented by myocommata. A narrow rectus 
lateralis extends anteroposteriorly just below the epaxial myomeres 
and between the o. e. superfictalis and o. e. profundus. The latter 
unit, deep to the o. e. superfictalis, is a direct ventral continu- 
ation of the subvertebralts. Its fibers extend posteroventrally between 
adjacent myocommata, blending with the rectus abdomints superfictalis 
ventrally. The rectus abdomints is divided into two parts: the simple 
r. a. superfictalis, which is a very thin ventral band of fibers 
running anteroposteriorly between adjacent myocommata; and the r. a. 
profundus deep to it. Although blending with the o. e. profundus, the 
r. a. superfictalts also sends a thin flap of muscle fibers over the 
former unit externally. In this it resembles certain of the more 
primitive ambystomatids. 

The r. a. profundus is located between the o. e. profundus and 
the transversus, and dorsal to the r. a. superfictalts. Unlike the 
other layers of lateral abdominal musculature, it is a discrete band 
set off from the other units. It extends between the hyobranchium and 
the pelvic girdle, as in many hynobiids and some salamandrids. This 
fact tends to indicate that the condition is primitive. The myosepta 
of the r. a. profundus produce a segmented band and the muscle fibers 
extending between are in ne layers. The more external layer orients 
Slightly anterolaterally, the fibers of the internal unit extend 


anteromedially. 
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The most internal layer of the body wall, the transversus, is 
composed of fibers proceeding anterolaterally and slightly underlaps 
the r. a. superftctalts ventrally. Dorsally the transversus is 
invaded by myosepta for a short distance. This is presumably primitive 
and differs from the condition in most other plethodontids (compare 
hynobiids and ambystomatids). Some of the fibers of the. transversus 
scaee into the lateral edge of the subvertebralts, attaching to the 
anterior wall of each myoseptum in this area. As in the more primitive 


ambystomatids, the o. tnternus is lacking. 


Plethodon gluttnosus (Green 1818) 


RANGE. Widespread in the eastern United States from ''New York south 
to [the] northern half of Florida, the Gulf States to Texas, [and] 


northward . . . to northern Indiana” (Bishop 1943, p. °250). 


HABITAT. "Usually found beneath Hee and stones in woods, in crevices 
of shale banks, and along the sides of wooded gullies and ravines. 
Frequently occurs under moist humus [, being] . . . sensitive to dry 
air .. . and burrowing deeply in dry seasons" (Bishop 1943, pp. 250- 
251, see also Dunn 1926). Eggs are lain on land in moist, protected 


places and ''guarded' by the female. 


FOSSIL RECORD. This species is recorded from the Pleistocene of 


Florida (Holman 1958, 1959a,b). 


RELATIONSHIPS. Assigned by Highton (1962, 1972) to the eastern large 
plethodon group, along with P. jordant (q.v.) and other species not 
described. Discussion of specific relationships within the genus are 


given above. 
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REMARKS. The form of the body and tail of P. gluttnosus is almost 
identical to that of P. jordani. However, on average, the trunk seems 
somewhat longer, there being almost invariably 16 costal grooves (vs. 


15 as the average in P. jordant). 


Epaxtal musculature (see Fig. 50).- The dorsalts trunet is as in P. 
jordani,.but with the anterior ae somewhat shorter and broader, 
and the septum supporting the hyperapophyseal muscle much broader and 
less elongate. As in P. jordant, elongated deep posterior flexures 


insert onto the dorsal surfaces of the postzygapophyses. 


Hypaxtal musculature (see Fig. 50).- The subvertebralts differs some- 
what from that of P. jgordant, but ne same plan is evident. The 
differences of P. glutitnosus are relatively minor and the condition is 
readily derivable from that of P. jordant. 


The posterior flexures have come to be appressed against the 


lateral edges of the centra. The flexures have the apices at the level 


of the posterior cotyle of the associated vertebra. From each apex a 
long, relatively broad septum extends back to just behind the proximal 
edge of the transverse process of the next posterior vertebra. Muscle 
fibers fan from this septum: some extend posteromedially to the 

lateral border of the centrum, others ae posteromedially and postero- 


laterally into the succeeding posterior flexure. The internal septa 


seen in P. jordant (presumably homologous to the anterior basapophyseal 


septa) are lost in P. glutinosus, which has muscle fibers extending 


directly onto the centra. 


P. glutinosus is an ideal intermediate between P. jordani and the 


more derived plethodontids such as Eurycea and Gyrinophilus. A 
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morphocline (see Fig. 90) uniting ambystomatids and derived pletho- 
dontids shows clearly how the restructuring of the subvertebralis took 
place. The change is seen to have been gradual, each stage remaining 
functional, with many of the stages having been maintained into the 
present. If these intermediates had become extinct, the condition in 
desmognathines (q.v.) would seem radically different from that of 
ambystomatids. Although how the change occurred is evident, the 
reasons why are not certain. Detailed functional morphological study 


is necessary to elucidate the matter. 


Lateral abdominal musculature (see Fig. 50).- This unit has not been 


found to differ from the condition in P. jordant. 


Plethodon etnereus (Green 1818) 


RANGE. Found in the northeastern United States and southern Canada, 
with disjunct populations in Missouri, Arkansas, Oklahoma, Georgia, 
North Carolina, Minnesota, and about the southern tip of James Bay in 


Ontario (see Smith 1963). 


HABITAT. Found "within rotten logs and stumps, under objects on the 
ground, and in forest-floor litter in relatively cool and mesic 
coniferous and hardwood forests'' (Smith 1963, p. 5.1). There is no 


larval stage and the female broods the eggs. 


FOSSIL RECORD. None known. 


RELATIONSHIPS. A member of the eastern small plethodons (P. ctnereus 
group) of Highton (1962, 1972), which also include the species hoffmant, 


-richmondt, shenandoah, hubrichti, nettingi, dorsalis, and wellert. 
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Although generally considered along with the western plethodons to 
be the most primitive within Plethodon, this cannot be upheld. At 
least as regards the structure of the vertebrae and the trunk muscula- 


ture, the eastern large plethodons are more primitive. 


REMARKS. These are small elongate salamanders with diminutive limbs. 
The trunk and tail are rounded and slender. There is great vari- 
ability in the numbers of trunk vertebrae, depending on the geographic 
locality of the Subspeciés concerned. Recorded counts (from Highton 
1962) are as follows: 
x P. ctnereus cinereus: modal number 19, 20, or 21, depending on 
locality. 

P. ec. serratus: modal number 20. 

P. ce. potycentratus: modal number 21 or 22. 
The trunk vertebrae range in number from 17 to 24, with 20 being the 
most common count (Highton 1962, p. 291). This is unusually high 
variability for salamanders. 

Counts for some of the other eastern small. plethodons are given 
below, with the most common number underlined: 

P, welleri: 16-17-18 

P. dorsalis: 18-19-20 

P, richmondt: 18-19-20-21-22-23-24 
It would be productive to carry out natural historical and functional 
morphological studies on these salamanders to determine the adaptive 
Significance of the variation. 

Differences of P. cinereus from the other species of Plethodon 


here described are slight and only the subvertebralts is discussed. 
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In the development of the trunk musculature, cranial osteology, overall 
form, and biogeography, P. ctnereus is an acceptable structural ancestor 


for Hemidactylitum and also Eurycea. 


Hypaxtal musculature.- The subvertebralts of this species is developed 
as in the larger P. glutinosus. It is, therefore, more derived than 

in the representative of the western plethodons (P. vehtculwn) described 
below. The posterior flexure is closely associated with the postero- 
Pateral ‘edge of the centrum. From the apex of each flexure (just 
lateral to the posterior cotyle of the associated centrum) a septum 
extends posteriorly. Muscle fibers fan from this septum, forming the 
body of the following posterior flexure: The transversus extends into 
the lateral edge of the subvertebralts in a manner very similar to the 


condition in EZurycea. 


Plethodon vehtculum (Cooper 1860) 


RANGE. Known from "western Oregon, Washington, and [southwestern] 


British Columbia including Vancouver Island" (Bishop 1943, p. 278). 


HABITAT. Found on "'rocky outcrops and talus of fine-grained sandstone 
and shales'' in the Coast Range of the Rockies, and "during the moist 
season it can be found under the bark of and in decaying logs, under 
ground cover, and within cleavage planes among dead leaves" (Storm 


and Brodie 1970, pp. 83.1-83.2). Eggs are lain on land and attended 


by the female. 


FOSSIL RECORD. None known. 
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RELATIONSHIPS. According to Highton (1962) this species is closest 

to P. dunnt, with these two species grouped along with P. vandyket, 

P. larselit, and P. elongatus in the western plethodons. This group 
was believed to be most closely related to the eastern small Miorhscune 
(e.g., P. ctnereus and P. dorsalis), and both groups were held to be 
more primitive than the eastern large plethodons. Features used in 
Highton's (1962) analysis included coloration, tooth counts, number 
of trunk vertebrae, and degree of body elongation. These features are 
extremely variable within the Caudata and cannot be accorded signifi- 
cant weight. Indeed, I would argue that they are generally useless 

in the determination of relationship and phylogenetic status. 

In vertebral structure (long and low vertebrae) and higher numbers 
of trunk vertebrae, features used by Highton (1962), the eastern small 
and the western plethodons are derived with respect to the eastern 
large mlarncdone: In terms of the subvertebralis, P. vehtculum is 
more primitive than P. cinereus, however. Whereas Highton's groupings 
have validity, at least as descriptive units, his interpretation. of 
morphoclinal polarity is all but certainly incorrect.’ The western 
plethodons are probably derived from stock represented by the eastern 
large plethodons, independently of the eastern small plethodons. 

Brodie (1970) has divided the western plethodons into three 
species groups: the primitive vandyket group (P. vandyket and P. 
larsellt), the intermediate vehtceulwn group (P.-vehtculum, P. dunnt, 
and P. gordoni), and the most "advanced" elongatus group (P. elongatus 
and P. stormt). On the basis of having the longest legs, the widest 


head, the fewest vertebrae, and the highest number of vomerine and 
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premaxillary teeth, P. vandyket was considered the most primitive of 


the western plethodons. 


REMARKS. P. vehteulum is an elongate Plethodon, but with a relatively 
robust trunk (compare P. neomextcanus and P. ctnereus) and a thin, 
relatively short tail. The usual number of trunk vertebrae is 17, but 
counts of 16 and 18 also occur (Highton 1962). Western plethodons 
show considerable variation in numbers of trunk vertebrae (i.e., P. 
vandyker: VS216;)Ps tarselit: 25-731 Ps *dwmt: 16-177 °P. Fee 18- 
20), but much less than is encountered in the eastern small plethodons. 


Limbs in P. vehtculum are small, but relatively robust. 


Epaxtal musculature (see Fig. 51).- The dorsalts trunct is developed 
as in P. jordant, but differs in the lesser development of deep 
posterior flexures. This may be an allometric phenomenon associated 


with differing body size. 


Hypaxtal musculature (see Fig. 51).- The subvertebralts is very like 
that of P. jordani. Posterior flexures have muscle fibers extending 
posteromedially onto the lateral surface of the adjacent centra. In 
this feature P. vehteulwn and P. jordant are more similar than either 
is to P. glutinosus. Unlike the situation in either P. jordant or P. 
gluttnosus, however, this species has the spinal nerves buried 
completely within the subvertebraits. In overall structure of the 
hypaxial musculature, P. vehtculwm is more primitive than the other 
species of Plethodon described here, excepting P. jordant. This does 
not indicate special relationship between the two species, as resem— 


blances are subtle and, presumably, owing to the retention of primitive 


features. 
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Lateral abdominal musculature.- The lateral abdominal musculature is 
associated with the subvertebralts as described in P. jordant and P. 
glutinosus. There is no discernable difference between P. vehtculum. 


and P. gordant as regards the structure of this unit. 


Plethodon neomextcanus Stebbins and Riemer 1950 


RANGE. Known only at "elevations of from 7200 to 9200 feet ... in 


the Jemez Mountains of . . . New Mexico" (Williams 1973, p. 131.1). 


HAbLint. Found in "mixed coniferous forests ....... primarily on 
north-facing slopes under rocks and in and under rotting logs" (Williams 
1976;°p. VS1i.1): There are peahtene summer rains in the range, during 
which the animals are active on the surface, and heavy winter snows. 
There is an understory of herbs and scattered clumps of grass; streams 
and ponds are rare. The rotting logs inhabited by P. neomextcanus are 
shared with an abundant invertebrate fauna (Stebbins and Riemer 1950), 


but specimens available to me had only ants in the gut. 
FOSSIL RECORD. None known. 


RELATIONSHIPS. Highton (1962) associated this species with the eastern 
small plethodons (e.g., P. ctnereus). Muizuno and MacGregor (1974), 
however, determined on the basis of DNA sequences held in common chat, 
whereas other members of the genus clustered into Highton's groupings, 
P, neomextcanus was distinctive. These authors proposed that the Jemez 
Mountain salamander was an early derivative from eastern small plethodon 
stock prior to the split of the western and eastern large plethodons. 
Although distinct from the western plethodons, P. neomextcanus is 


probably closer to the eastern large plethodons than to the eastern 
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small plethodons. This would be the conclusion based on comparative 
anatomy and, as the significance of DNA studies is problematical, this 
relationship may be accepted as most reasonable at present. I place 
P. neomextcanus in its own monotypic species group derived from the | 


eastern large plethodons (P. gluttnosus group). 


REMARKS. These salamanders are relatively large in comparison to 
members of the eastern small plethodon group. The trunk is elongate, 
but quite robust, whereas the tail is long and heavy. The usual number 
of trunk vertebrae is 20, with counts of 19 and 21 encountered more 
rarely (Highton 1962). These correlate with costal groove counts of 
18, 19, and 20. The eyes are large and protuberant. Limbs are small, - 


but not diminutive. 


Epaxtal musculature (see Fig. 52).- The dorsalts trunct is similar to 
that of the other species of Plethodon. Anterior flexures are elongate 
and provided with anteriorly directed septa. Hyperapophyseal muscles 
are small and narrow. Unlike members of the P. gluttnosus group, deep 
posterior flexures are seemingly lacking throughout the column. Deep 
posterior extensions from the lateral surface of the main bodies of 
the myomeres are present and especially well developed immediately 
presacrally, but these do not come to insert on the vertebral column 
directly, although muscle fibers do provide an. attachment. As in the 
P. glutinosus group, but different from P. vehteulwn, the epaxial 


myomeres extend distal to the ribs. 


Hypaxtal musculature (see Fig. 52).- The subvertebralis differs from 


that of P. jordant, being similar to that of P. glutinosus. Posterior 
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flexures are closely associated with the posterior edges of the centra, 
producing direct pull on the posterior basapophyseal regions. Small 
posterior basapophyses are present, providing areas of insertion for 
the medial septa of the posterior flexures. Muscle fibers fan postero- 
medially and posterolaterally from these septa, forming the bodies of 
the posterior flexures. The main body of each myomere is thin, barely 
covering the ribs ventrally. A single layer of muscle fibers extends 
anterolaterally, just beneath the ribs. Intercostal fibers run postero- 
laterally and are continuous with the o. e. profundus distally and 
ventrally. 

Spinal nerve exits are as in P. jordant, with the nerves extending 
ventrolaterally to the peritoneal surface of the subvertebralts. They 
are exposed to the peritoneal cavity for a short distance, but are 


located between the transversus and the o. e. profundus more distally. 


Lateral abdominal musculature (see Fig. 52).- Although the lateral 
abdominal musculature is composed of the same units as in the species 
of Plethodon described above, the relationships differ somewhat. The 
oO. e. superfictalis is a narrow band running between the limb girdles; 
the band is segmented by myosepta and composed of muscle fibers 
extending dorsoventrally between these septa. In P. neomextcanus the 
Oo. e. superfictalis barely overlaps the rectus lateralts, falling short 
of the epaxial myomeres, thereby differing from P. jordant, and being 
most similar to P. vehtculum. Ventrally the o. e. superfictalts extends 
just over onto the rectus abdominis. 

As in other species of the genus, a rectus lateralts is present. 


‘The o. e. profundus is a direct continuation of the intercostal muscles 
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and blends with the r. a. superfictalis ventrally. The o. tnternus is 
absent and the two units of the rectus abdomints are developed as in 
P. jordani. The relationship of the transversus to the subvertebralis 
differs considerably in P. neomextcanus, however. Whereas in the other 
species the transversus extends partially into the subvertebralis, in 
the Jemez Mountains salamander it is applied against the ventral sur- 
face of the subvertebralts in a manner similar to the condition in 
certain ambystomatids. This is, presumably, paedomorphic as it 
resembles the situation of larval salamanders generally, but differs 
from that of other adult plethodontids. In correlation with this 
difference, the ventral layer of the subvertebralts extends a short 
distance into the lateral abdominal musculature, foreshadowing the 


development of a true o. tnternus. 


Ensatina eschscholtatt Gray 1850 


RANGE. Found in the "mountains of the Pacific Coast from the south- 
western mainland and Vancouver Island, British Columbia, south to 


extreme southern.) 3 Galiformia’ (Stebbins 1962)"p.-87).. 


HABITAT. Common in areas where leaf litter is abundant, “under boards, 
logs, rocks, in refuse heaps, leaf litter, under bark, and inside logs 
. . . - Understory vegetation is often scarce" in the frequented 
forested areas and "'a perennial stream is often present although it is 
not a necessity" (Stebbins 1962, pp. 94-95). Individuals are capable 
of burrowing only through leaf litter and very loose soil, and spend 
considerable time on the surface during damp, cool weather. Ensatina 


is strictly terrestrial, with eggs being laid on land. 
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FOSSIL RECORD. None known. 


RELATIONSHIPS. Dunn (1926) considered the monotypic Ensatina to be 
close to Plethodon, differing only in minor features. Wake (1966) 
suggested that it was derived from the P. vehtculwm group, a conclusion 
not controverted by my studies. Until Stebbins' (1949) excellent study 
several species of Ensatina were recognized, but he showed that these 
were simply local races differing in distinctive colour patterns, but 


otherwise similar and intergrading. 


REMARKS. Both young individuals (s. v. length just over three cm) and 
larger adults were dissected. The small specimens have short, slender 
bodies. The limbs are long and powerful, overlapping when appressed. 
The tail is relatively short and oval in cross-section, with breakage 
occurring at the basal constriction. One of the small individuals was 
gravid. In fully grown individuals the trunk is proportionally longer 
and relatively robust. The limbs are still large and powerful, and the 
tail is robust and long. The trunk musculature shows little onto- 
genetic variation, except for the dorsalis trunct. 

The gait of this salamander is unusual. ''The animal seems to walk 
crocodilelike with the body held relatively high, the tail scarcely 
touching the ground or not at all. This is done slowly, methodically, 


and with no lateral undulation of the body" (Peabody 1959, p. 11). 


Epaxtal musculature (see Figs. 53 and 54).- The dorsalis trunet 
resembles that of Plethodon. In small specimens in dorsal view parts 
of the cartilage caps on the hyperapophyses are visible along the column. 


In larger individuals the hyperapophyses are finished in bone and buried 
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in musculature. Anterior flexures are relatively blunt, becoming 
longer in adults and being provided with well-developed septa extending 
anteriorly and paralleling the hyperapophyseal muscles below. Hyper- 
apophyseal muscles seemingly lack septa in the small specimens, but | 
with the formation of the bony hyperapophyses in adults vertical septa 
extend posteriorly from each hyperapophysis to serve as areas of 
attachment for musculature. 

Small individuals have well-developed deep posterior flexures 
extending posteromedially from the main bodies of the myomeres to 
insert on the anterior edges of the postzygapophyses of the following 
vertebrae. These flexures are, however, lacking from the larger 
specimens available to me. Without larger sample sizes and more 
detailed study, the significance of this remains obscure. 

A relatively small mass of musculature is in the main body of 
each myomere. The myomeres rise very acutely posteriorly from between 
adjacent ribs. In the small individuals superficial fibers of these 
areas extend anterolaterally, whereas the deeper fibers run antero- 
posteriorly. In larger individuals all fibers tend to extend antero- 


posteriorly. 


Hypaxtal musculature (see Figs. 53 and 54).- The subvertebralis, 
although differing somewhat from that of Plethodon, is extremely similar 
and readily derivable from that genus. Posterior flexures extend from 
each transverse process, with a very long, wide septum running back 

from the apex of each. This septum is relatively broader in the larger 
specimens. The posterior flexures terminate anterior to the posterior 


cotyle of the associated vertebra. The posterior septa give rise to 
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fan-shaped muscles, which extend into the following posterior flexures. 
The muscles of this system are thin and not associated with the 
posterior basapophyseal region of the centra. As expected from the 
conformation of the musculature, posterior basapophyses are eck ine 

The main bodies of the subvertebral myomeres have the most ventral 
fibers extending posterolaterally, whereas the more dorsal ones run 
posterolaterally. The myomeres descend anteroventrally from between 
adjacent ribs, each myomere slightly underlapping its anterior 
neighbour distaily. 

Spinal nerves exit intravertebrally, running posterolaterally 
through the subvertebralts and then between the transversus and 
o. e. profundus. Smaller specimens do not have the nerves exposed to 
the peritoneum, but in larger ones a slight exposure is seen at the 


lateral edge of the subvertebralts. 


Lateral abdomtnal musculature (see Figs. 53 and 54).- The muscles of 
this region are the same in both large and small Ensatina, being 
developed according to the basic plethodontid plan. As in Plethodon, 
the o. e. superficialts is composed of muscle fibers extending dorso- 
ventrally parallel to the segmenting myocommata. In larger specimens 
it does not quite reach the dorsalis trunet above. Deep to this the 
fibers of the o. e. profundus extend posteroventrally between the 
myocommata. This unit is a direct ventral continuation of the sub- 
vertebral musculature and blends with the r. a. superfictalts below. 
There is no o. tnternus. 

As are the other layers, the internal transversus is relatively 


thin. It is quite wide, underlapping much of the r. a. superfictalis. 
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The muscle fibers extend anteroventrally, extending part way into the 
subvertebralts dorsally, with certain fibers curving posteriorly to 
insert on each rib. The dorsal part of the transversus is invaded by 
short myoseptal extensions, the remainder being undivided. : 
The r. a. superfictalts has fibers extending anteroposteriorly. 
There is no external flap applied against the o. e. profundus as was 
seen in Plethodon. Dorsal to the r. a. superfictalts, and between the 
transversus and o. e. profundus, is found the free r. a. profundus, 
which extends between hyobranchium and pelvis. It is not readily 
divisible into deep and superficial layers as in other plethodontids. 
In the smaller individuals the r. a. profundus is very wide anteriorly, 


but this is not the case in the larger specimens. 


Anetdes lugubrts (Hallowell 1849) 


RANGE. Found in western California along almost the entire coastal 
region and a significant distance inland. Populations are also known 


from various offshore islands (Bishop 1943). 


HABITAT. This species is largely arboreal, but often is found on the 
ground "in logs and stumps or beneath surface materials . . . eggs have 
been discovered both in the soil and in the cavities of trees" (Bishop 


1943, pp. 340-341). 
FOSSIL RECORD. None known for the species or genus. 


RELATIONSHIPS. Anetdes is derivable from Plethodon, as shown by Dunn 
(1926) and Wake (1966). Dunn (1926), Lowe (1950), and Gordon (1952) 


all considered Anetdes aeneus to be the most primitive living member 
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of the genus. Wake (1963), however, argued that A. hardit was the most 
primitive, although closely related to A. aeneus. At the same time, 
he divided the genus into the following species groups: 

A. hardtt group: monotypic. 

A. aeneus group: monotypic. 

A. lugubris group: A. lugubris, A. ferreus, and A. flavipunctatus. 
Wake (1963) believed that the A. Zugubris group is the most derived, a 
conclusion confirmed by my studies, and that it was an early derivative 


of the A. hardit group, prior to the split of A. aeneus. 


REMARKS. A. lugubrts is a large, powerfully built salamander with 
robust limbs. The trunk is relatively short (usually 14 costal grooves, 
with counts of 13 and 15 also found), slender, and somewhat compressed 
dorsoventrally. The tail is long and slender. In males the mandibular 
musculature is greatly enlarged, giving a bulbous appearance to the 
posterior part of the head. In comparison to Plethodon, the trunk 
musculature is of relatively small mass. A tough layer of connective 
tissue binds the skin to the muscle fibers beneath. The vertebrae (see 
Fig. 14) are similar to those of Plethodon, but with development of a 


subcentral keel, large ventral lamellae, and a high neural crest. 


Epaxtal musculature (see Fig. 55).- The mass of the dorsalts trunct is 
reduced, but the pattern of the myomeres is basically as in Plethodon 
and Ensatina. Anterior flexures are long, extending almost half-way 
over the roofs of the anterior vertebrae of the pair spanned by their 
respective myomeres. Muscle fibers fan forward from the apex of each 
flexure, at which point an accessory septum extends anteriorly. The 


main body of each myomere rises steeply posterodorsally from between 
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adjacent ribs. The superficial fibers of this part of the epaxial 
ae run anteriorly and slightly laterally between the myosepta. 
Deeper fibers extend anteroposteriorly. 

As in Plethodon, deep posterior flexures are present. Each 
hyperapophysis gives rise to a pair of posteriorly directed septa. 
Muscle fibers extend from these septa onto the roof of the following 
vertebra. These hyperapophyseal muscles are associated with the 
anterior flexures dorsal to them. In larger individuals the hyper- 
apophysis is bifurcate and finished in bone, providing stronger attach- 
ment for the associated musculature. Younger individuals have a 
cartilage cap in this area and the hyperapophyseal septa are much 


shallower and narrower. 


Hypaxtal musculature (see Fig. 55).- Whereas the dorsalts trunct 
resembles that of Plethodon and Ensatitna, the subvertebralts is notably 
derived. In some respects it is similar to that of certain salamandrids, 
doubtless owing to convergence or (see Conclusions) parallelism. A 
well-developed ventral lamella is present on each transverse process 
(see Fig. 14), correlated with the modifications in the subvertebralts. 
Larger specimens show a weak opisthocoely. 

The mass of the subvertebralts is markedly reduced in comparison 
to Plethodon and the undersides of the centra are not covered by 
musculature. Muscle fibers arise from the posterior edge oe each ventral 
lamella and attach to the lateral edge of the centrum of the following 
vertebra. Upon removal of this layer the posterior basapophyseal septum 
is evident. This inserts on the posterolateral edge of the centrum, at 


which point the ventral lamella joins the centrum. From here the broad 
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septum extends posteriorly and slightly laterally beneath the next 
posterior ventral lamella. Muscle fibers extend onto the ventral 
surface of the lamella from the septum. 

The main bodies of the myomeres, ventral to the ribs, are very 
thin. The superficial fibers extend anterolaterally, with those of 
one myomere running under the anterior rib and partially under the 
next anterior myomere. The proximal parts of the ventral rib-heads 
and the distal parts of the transverse processes are not covered by 
muscle fibers. The subvertebralts does not extend laterally beyond 
the tips of the ribs. Above the ventralmost fibers the muscle strands 
Bien posterolateral ty between adjacent ribs. These intercostal 
fibers blend indistinguishably with the o. e. profundus laterally. 

Spinal nerves in the trunk region, excepting those of Tl and one 
pair associated with T2, exit from the spinal cord through the wall of 
the neural arch just posterior to the latter's union with the trans- 
verse processes. From here the nerves arch posterolaterally, coming 
to run along the ventral surface of the subvertebralts distal to the 
tips of the transverse processes. The nerves then meet the postero- 
distal tips of the ribs and then extend between the transversus and 
Oo. @. profundus. The marked exposure of the nerves to the peritoneum 
differs from most other plethodontids, although there is slight 


exposure in Plethodon and long exposure in Hemtdactyltum. 


Lateral abdominal musculature (see Fig. 55).- The lateral abdominal 
musculature is typically plethodontid and the o. tnternus is absent. 
Beneath the skin, the surface of the trunk is covered by a thick layer 
of connective tissue. ingernal lyin contrast to species described 


previously, there is an extremely dense peritoneal lining. 
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Laterally the most external layer is the well-developed o. e. 


superftctalts, which partially overlaps the dorsalts trunci above and 


the rectus abdominis below. Its muscle fibers are very slightly offset 


from the vertical. The o. e. profundus is as in Plethodon. The most 
internal layer, the transversus, is not segmented by myocommata. 
Several fibers arise from the anterior edge of each rib tip and the 
remainder originate along a line of connective tissue joining the 
tips of adjacent ribs. The transversus is thick, with the fibers 
extending anteroventrally to a point just beyond the dorsal edge of 
the r. a. superfictalts. The rectus abdomints is divided into two 
parts, as in other plethodontids and the r. a. superficialis overlaps 


the o. e. profundus externally as described for Plethodon jordant. 


Aneides aeneus (Cope and Packard 1881) 


RANGE. Found in scattered areas in "the Allegheny and Cumberland 
Mountains from Pennsylvania to Alabama and northeastern Mississippi 
. . . [and] in the southern Blue Ridge Mountains of North Carolina, 
South Carolina, and Georgia," as well as in isolated pockets in Ohio 


(Gordon 1967. p.. $051). 


HABITAT. Restricted to relatively high elevations in the Appalachians 
in "damp but not wet crevices in shaded rock outcrops and ledges, as 
well as beneath bark and cracks of trees in cove hardwood forests" 
(Gordon 1967, p. 30.1). Dunn (1926) notes that A. aeneus is sometimes 
found in association with Plethodon glutinosus. Eggs are laid 


terrestrially and are brooded. 


FOSSIL RECORD. None known. 
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RELATIONSHIPS. Dunn (1926) and subsequent workers considered this 
species to be the most primitive Anetdes. Lowe (1950) thought there 
had been a split into the eastern species (A. aeneus) and western 
species during Miocene time on the basis of botanical evidence. Wake 
(1963), however, believed A. aeneus to be derived with respect to A. 
hardtt, although the two were considered to be Hesaty related. A. 
aeneus is relatively primitive in almost all features in comparison 
to the other species of Anetdes, but A. hardit has not been available 


for comparisons of the trunk musculature to be made. 


REMARKS. All available specimens had 14 costal grooves, counting 

one in the axilla and one in the groin. Gordon (1967) notes counts of 
15 for sone specimens. Although Gordon stated that the jaw musculature 
(especially of males) is "greatly" enlarged, neither Dunn (1926) nor 
Bishop (1943) mention this characteristic. Specimens available to me 
do not have a swollen temporal region. The elongate, flattened 
premaxillary teeth seen in other Anetdes are absent. 

The trunk is thin, but not elongate and the tail is long, thin, 
and rounded in cross-section. The head and body are flattened dorso- 
ventrally. Terminal phalanges are T-shaped, as in other Anetdes, and 
the limbs are long and relatively thin. Only the hypaxial musculature 
is described, as the other units are like that of the other species of 
Anetdes that were dissected. 

Hypaxtal musculature.- The ventralmost layer of the subvertebralts is 


composed of muscle fibers extending anteroposteriorly. Dorsal to this 


single layer the intercostal fibers extend posterolaterally. In 
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contrast to A. lugubris, posterior flexures are definitely present, 
although weakly developed. Immediately behind the pectoral girdle, 
where they are most strongly developed, the posterior flexures do not 
quite reach to the edge of the associated posterior cotyle. A oe 
extends posteriorly from the rear end of each flexure. Muscle fibers 
fan backwards from these septa, forming the bodies of the following 
posterior flexures. In the posterior region of the trunk the flexures 
undergo marked reduction. The two or three immediately presacral 
myomeres extend intercostally between only two vertebrae, with no 
overlap or posterior flexure present. The transversus is a thin sheet 
extending anteroventrally at an angle only slightly displaced from the 
vertical. It is not divided at any point by myocommata, and the basic 


situation is as in A. lugubris. 


Anetdes ferreus Cope 1869 


RANGE. Found on Vancouver Island, British Columbia and southward in 


coastal Oregon and northernmost California (Dunn 1926, Wake 1965). 


HABITAT. In contrast to A. aeneus, this species is found at low 
elevations and in relatively diverse habitats. '"It inhabits redwood, 
Douglas fir, and other coniferous forests . . . [and] is found most 
frequently under the loose bark of fallen logs in small clearings or 
at the margins of forests.'"' It is partially arboreal and also 
"locally abundant in small rock slides and in moist rock crevices" 


(Wake 1965..p..16.1):. 


FOSSIL RECORD. None known. 
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RELATIONSHIPS. Dunn (1926) allied A. ferreus with A. lugubris. Wake 
(1965) grouped it with A. flavipumctatus and A. lugubris in the A. 


lugubris group, which was considered the most derived of the genus. 


REMARKS. The trunk is somewhat more robust than that of A. aeneus and 
the body less flattened. The trunk has a greater number of vertebrae, 
costal groove counts being 16 or 17. The tail is also Deamon onal ly 
shorter. Toe pads are present, as in other Anetdes. The premaxillary 
teeth of males are not notably enlarged, but they may perforate the 
lips in some individuals (see Bishop 1943). 

The trunk musculature differs in no significant way from that of 
A. aeneus, except that the posterior flexures of the subvertebralts 


are somewhat larger. For this reason a description is not provided. 


Hemidactyltum scutatun (Schlegel 1838) 


RANGE. Widespread in the eastern United States and southern Ontario, 
with isolated occurrences in Missouri, Arkansas, Louisiana, Georgia, 
Florida, and eisai. Nova Scotia. The distribution within these 
regions is disjunct, being limited to areas that provide suitable adult 


and larval habitat in close proximity (Neil 1963). 


HABITAT. Adults are terrestrial "under stones, logs, wood slabs, leaf 
litter, or moss in beech and maple, yellow birch and maple, and other 
hardwood forests, [and] less often in coniferous forests. ... The 
larval life is spent in pools, bogs, or slow bog streams with an 
abundance of sphagnum, other mosses, hepatics, and sedges" (Neil 1963, 
p. 2.1). Eggs are laid in sphagnum moss close to standing water and 


are brooded by the female. Upon hatching, the larvae enter the water 
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for a short period. The aquatic larval phase is almost certainly 


secondary (see Dunn 1926). 
FOSSIL RECORD. None known. 


RELATIONSHIPS. Dunn (1926, pp. 201-203) considered Hemidactyltum to be 
closely related to Plethodon and to possess aquatic larvae secondarily: 
"The situation is . . . obviously secondary . . . and the resemblance 
[to Ambystoma and Triturus] is convergence and looks very much like a 
case of reversed evolution, the larva of the specialized Hemidactyltum 
taking on the characters of the larva of forms more primitive than 

any of its own immediate ancestors.'"' Piatt's (1935) studies on the 
hyobranchial apparatus of plethodontids confirmed Dunn's conclusions, 
although Tanner (1952) disagreed. 

Wake (1966) placed H. scutatum with the Furycea group of 
plethodontids, but provided no evidence controverting Dunn's (1926) 
hypothesis of the secondary nature of the aquatic larva of Hemtdactyltum. 
Dunn's concept is evidenced by osteology, trunk musculature, the fixed 
tongue, and the "apparently primitive but really highly specialized 

penature’Or + ¢ . [tne| aquatic larval stage” (Dunn71926,5p. 203). 
Wake and Lombard (1973), on the basis of the hyobranchial apparatus, 
suggested that Hemidactylitum was an early, independent offshoot of 
plethodontid stock. This is close to my conclusion, with Plethodon 


being representative of this basal stock. 


REMARKS. This is a small salamander with a thin, long trunk. There 
are 13 or 14 costal grooves, not a high number for a plethodontid, 


especially in view of the length of the trunk. The tail is very long 
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and heavy, and provided with an area of weakness just posterior to 

the cloaca. The limbs are very small, but actively and efficiently 
used in normal locomotion. At such times the trunk is held straight 
and the animal walks without lateral undulations. During stress, | 
locomotion over land becomes snake-like, with the limbs held against 
the body and clear of the substrate. The adult avoids water, becoming 


very agitated if forced into an aquatic situation. 


Epaxtal musculature (see Fig. 56).- The skin is thick and strongly 
bound to the trunk musculature. Epaxial myomeres and, especially, the 
lateral abdominal musculature are difficult to preserve during removal 
of the skin. The dorsalts trunct needs little description, being very 
similar to that of Plethodon. Anterior flexures are short and blunt, 
and lack anteriorly projecting septa from the apices. The main body 
of each myomere rises steeply posteriorly from between adjacent ribs. 
There are deep posterior flexures present, but these are small and 
poorly supplied with musculature. Hyperapophyseal muscles are present, 
but ill-defined and hyperapophyseal septa are seemingly absent. The 
dorsalis truncit extends a short distance beyond the distal tips of the 
ribs. Muscle fibers in the main bodies of the myomeres are almost 


exclusively aligned anteroposteriorly. 


Hypaxtal musculature (see Fig. 56).- The subvertebralts differs some- 
what from that of P. glutinosus and P. cinereus, but is Peau y, 
derivable from such structural ancestors. In ventral view the presence 
of posterior flexures is not evident, owing to the presence of an 
obscuring layer of fibers underlying them. When the thin medial layer 


of anteroposterior fibers is removed, small but well-developed posterior 
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flexures from the transverse processes are evident. These are composed 
of a septum extending posteromedially from the distal part of each 
ventral rib-bearer to the lateral edge of the posterior cotyle of the 
same vertebra. Each flexure sends a small septum back into the follow- 
ing flexure. This septum is also associated with the posterior bas- 
apophyseal region of the centrum and, with its muscle fibers, could be 
said to constitute an incipient posterior basapophyseal muscle. These 
muscles are not developed to the same extent as those in the Eurycea 
and Desmognathus groups. 

Lateral to the posterior flexures, the subvertebralts is thin, 
covering the ribs with only a thin layer of muscle fibers ventrally. 
The fibers of the ventral layer extend anterolaterally and overlap 
the transversus at the distal edge of the subvertebralts. The main 
body of each myomere is inclined slightly anteriorly in undistorted 
specimens. Intercostal muscle fibers extend posterolaterally, blending 
into the o. e. profundus. 

The spinal nerves exit intravertebrally and extend posterolaterally 
through the subvertebralts. They are exposed for some distance on the 
peritoneal surface and then extend between the transversus and oO. e. 


profundus as in other plethodontids. 


Lateral abdominal musculature (see Fig. 56).- The muscle layers forming 
the lateral and ventral walls of the visceral cavity are extremely 
thin, with only the r. a. profundus and lateral parts of the r. a. 
superficialts being formed of more than a single layer of fibers. The 
o. e. superficialts is relatively wide, overlapping the dorsalts trunci 


above and, by means of fascia, the rectus abdominis ventrally. Its 
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fibers extend dorsoventrally, paralleling the segmenting myocommata, 
but with a very slight posteroventral component, especially in the 
posterior portion of each myomere. 

The o. e. profundus is as in Plethodon, although blending almost 
imperceptibly with the r. a. superfictalts ventrally. The o. tnternus 
is absent and the transversus is not quite so thin as the two layers 
of the obltquus externus. The transversus is as in Plethodon, with 
the dorsal fibers bending posteriorly to attach to the distal tips 
of the ribs. Ventrally there are areas of tight attachment to the 
myosepta of the rectus abdomints. Dorsally the transversus is invaded 
for a very short distance by myosepta. The two layers of the rectus 
abdominis are developed as in Plethodon, but the rectus lateralts is 


absent. 


Batrachoseps attenuatus (Eschscholtz 1833) 


RANGE. Found along the west coast of North America from southernmost 
Oregon, through California, and into northern Baja California (Stebbins 


1962). 


HABITAT. "The Upper Sonoran and Transition life-zones, in moist 
situations on the ground, in leaf litter and beneath surface objects 
: In dry weather, [the species] retreats underground" (Stebbins 
1962, p. 109). Eggs are laid on land and apparently are not brooded 
(Maiorana 1976), but other species of Batrachoseps brood (see Salthe 


and Mecham 1974). 


FOSSIL RECORD. Peabody (1959) described upper Pliocene trackways from 
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California that he demonstrated as most probably made by a species of 
Batrachoseps. Brame and Murray (1968) believed these trackways to be 


referable to the living Batrachoseps reltctus, but this is problematical. 


RELATIONSHIPS. Dunn (1926) and Tanner (1952) considered Batrachoseps 
to be closely allied to the Plethodon group, with which it shares a 
fixed tongue. Piatt (1935), Wake (1966), and se Mag Murray (1968) 
believed it to be related to Bolittoglossa and its allies. In view of 
the fixed tongue in Batrachoseps, the only possibility of bolitoglossine 
relationship is by derivation from an early stock prior to the origin 
of the free tongue in the bolitoglossines proper. Wake's (1966) 
suggestion of derivation from the supergenus Bolitoglossa after the 
latter split from Hydromantes is illogical, as it demands secondary 
loss of the free tongue in Batrachoseps. As regards vertebral structure, 
Batrachoseps is similar to Plethodon, whereas the subvertebralts con- 
verges upon some of the bolitoglossines. I believe Batrachoseps to be 
most nearly allied with the western plethodons, as argued by Dunn (1926) 
and Tanner (1952). 

Brame and Murray (1968) have conducted the most recent revision 
of the genus, recognizing seven species, with B. wrtghtt and B. reltctus 
being the most primitive. The following features were. held to be 
primitive: short trunk with 16-17 costal grooves, moderately long 
limbs, nonfossorial habits, separate premaxillae, presence of pre- 
frontals, high percentage of nucleated erythrocytes, vomerine teeth in 
single rows, and large males with multiple testes. B. wrightt was seen 
as an early derivative from B. reltctus, while the remaining five 


species arose from the latter at a later date. The time of origin of 
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the genus was suggested as late Eocene, but data bearing on the question 
are almost nonexistent. 

B. attenuatus and B. major are “the two most recently derived and 
most highly adapted [sic] species" (Brame and Murray 1968, p. 30). They 
have invaded a new zone of fossorial to subfossorial habit, have 
longer bodies and tails, and possess reduced heads and limbs. Brame and 
Murray argued that these two species left the ancestral Arcto-Tertiary 
geofloral association for the semi-arid Madro-Tertiary community. 
Unfortunately, only B. attenuatus has been available for study so that 
whether or not the structure of the trunk musculature is the same 


throughout the genus is not known. 


REMARKS. B. attenuatus is a small, terrestrial salamander with a thin, 
elongate body and a very long, relatively robust tail. There is tail 
autotomy, but not localized as in certain other plethodontids. The 
limbs are diminutive. Peabody (1959) studied the locomotion of this 
species, noting (p. 11) that "on most sedimentary surfaces suitable for 
impression the inadequate [sic] limbs operate laboriously," and that it 
shows "little sinuous movement .. . the extreme of rigidity... 
[being] exhibited by tiny Batrachoseps, which walks somewhat like two 
men carrying a long pole" (p. 18). When locomotion is difficult or 
hurried, however, sinuous movement is pronounced. There are usually 

20 costal grooves, but many individuals have 19 and counts of 18 and 21 
are also found (Bishop 1943). This variability is also reminiscent of 


Plethodon. 


Epaxtal musculature (see Fig. 57).- The dorsalis trunci is relatively 


thick and generally similar to that of Plethodon. Anterior flexures 
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are relatively long, extending to almost the midpoint of the first 
vertebra of the pair spanned by the myomere. The more medial part of 
the anterior flexure is not evident unless the dorsalis trunet is 
displaced laterally. Hyperapophyseal muscles are present beneath he 
anterior flexures, each being bisected by a thin septum, which arises 
from one of the horns of the hyperapophysis. Muscle fibers fan from 
these septa onto the roof of the following vertebra. The more lateral 
fibers of each hyperapophyseal muscle attach along the medial surface 
of the deep posterior flexure that is found parallel to it. 

A relatively thick superficial layer of fibers extends antero- 
laterally in the main body of each myomere. Beneath these the other 
fibers run anteroposteriorly. There is only a slight posterior slant 
to each myomere, the main bodies rising almost vertically from between 
the ribs and transverse processes. Deep posterior flexures are, 
therefore, very long and relatively thin, in order that they reach the 
posterior zygapophysis to which they insert. The myomeres do not 


extend laterally beyond the ribs. 


Hypaxtal musculature (see Fig. 57).- The subvertebralts is highly 
derived, differing markedly from all plethodontids described above, but 
resembling certain of the bolitoglossines and all of the salamandrid 
newts. There has been complete loss of the flexures and auxiliary 
muscles seen previously, the musculature coming to span only a single 
intervertebral space. The ventral surfaces of the centra and transverse 
processes are, for the most part, not covered by ventral musculature. 
The most ventral layer of musculature is composed medially of fibers 


extending anteroposteriorly between adjacent transverse processes and, 
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more laterally, of fibers running anterolaterally. Each myomere billows 
ventrally to some degree in the area between each pair of adjacent 
transverse processes. Tough fascia attaches the posteromedial part of 
each myomere to a notch in the anteromedial part of the associated 
ventral rib-bearer. Beneath the ribs each myomere extends a slight 
distance under the next posterior myomere. This underlapping is 
somewhat complex, forming a shallow cone-in-cone arrangement. 

Presumably correlated with the simplification of the subvertebralis, 
the centra of B. attenuatus are modified such that anterior and 
posterior adjacent cotyles articulate in an oblique manner. That is, 
the dorsal border of each anterior cotyle is further forward than is 
the ventral border. This is reflected in the posterior cotyles, so 
that the centra overlap each other. The centra are apparently fully 
amphicoelous and basapophyses are absent throughout the column. 

Spinal nerves have the same vertebral exits as in other 
plethodontids. They pass through the subvertebralis to a point just 
distal to the tip of each rib. From here they extend ventrally through 
the lateral abdominal musculature, in close association with the 
anterior septum of the myomere that they innervate. They are found 
between the transversus and o. e. profundus and are not exposed to the 


peritoneal cavity. 


Lateral abdomtnal musculature (see Fig. 57).- The lateral abdominal 
musculature differs little from that of other plethodontines. The 
Oo. e. superficialts is very thin and relatively narrow, its fibers 
extending gently posteroventrally and overlapping the dorsalts trunct 


to a significant degree. A small, ill-defined band of muscle fibers 
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extends anteroposteriorly just beneath the horizontal septum, but it 
is doubtful whether this is deserving of the name rectus lateralis. 
The 0. e. profundus is as in Plethodon. 

The r. a. superftctalts is a thin, broad band composed of two 
subunits, one on either side of the linea alba. Its relationship to 
the o. e. profundus is as in Plethodon. The r. a. profundus is a small, 
narrow band extending freely between the transversus and o. e. profundus 
and joining the hyobranchium to the pelvic girdle. The posterior point 
of origin covers a large area, the muscle fanning over most of the 
ventral surface of the girdle. 

The transversus is slightly modified away from the basic 
plethodontine pattern. The fibers extend anteroventrally, but dorsally 
they curve posteriorly into each subvertebral myomere and under the 
distal half of each rib to insert on the anterior face of the myoseptum 


beneath the ribs. 


Tribe Bolitoglossini Wake 1966 


Bolttoglossa subpalmata (Boulenger 1896) 


RANGE. Found in the "high mountains of Costa Rica, above 4,000 feet" 
(Dunn 1926, p. 390). The genus Bolttoglossa is found from "northeastern 


Mexico to eastern Brazil and central Bolivia" (Wake 1966, p. 53). 


HABITAT. Frequents woods and pasture edges, usually under cover. They 


are apparently sluggish animals (see Dunn 1926, p. 392). 
FOSSIL RECORD. None known for the species or the genus. 


RELATIONSHIPS. Taylor (1944) classified this species as Magnadtgtta 


subpalmata, but the genus Magnadigita is now included as a junior 
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synonym of Bolttoglossa. According to Wake (1966), Bolitoglossa is 
closely related to the other neotropical plethodontids: Ltneatriton, 
Parvimolge, Pseudoeurycea, Chiropterotriton, Thorius, and Oediptina. 
These were all included in the supergenus Bolttoglossa, which Wake 
believed to be close to Hydromantes and, especially, Batrachoseps. 
Relationship of the latter genus to the bolitoglossines is doubtful, 
but Wake's groupings are similar to those of Tanner (1952) and may be 
accepted at present. Nevertheless, the suggestion that the bolito- 
glossines are derived from the hemidactyliines (sensu Wake 1966) 
is doubtful (see Conclusions). 

Hansen and Tanner (1958) considered the long tailed species of 
Bolttoglossa (e.g., B. platydactyla, B. flaviventris, and B. mexteana) 
to be more primitive and "generalized" than the short tailed species 


(e.g., B. rufescens and B. occetdentalts). 


REMARKS. 8B. subpalmata has a long, relatively robust trunk with 13 
costal grooves (= 14 trunk vertebrae) and a long, heavy tail. The 
limbs are small, but not diminutive, with the hindlimbs somewhat larger 
than the fore. According to Dunn (1926) there is a high degree of 


colour variability, perhaps correlating with habitat diversity. 


Epaxtal musculature (see Fig. 58).- The dorsalis trunct is like that in 
the plethodontines. The myomeres are anteroposteriorly elongate and, 
correlated with the short ribs, relatively narrow transversely. The 
anterior flexures are extremely small, each apex giving rise to a 
forwardly projecting septum that parallels the associated hyperapophyseal 
muscles ventrally. Muscle fibers extend anteroposteriorly in the 


myomeres. 
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Medially, a thin layer of anteroposterior fibers overlies the 
hyperapophyseal muscles, which are relatively large, but otherwise as 
in other plethodontids. A broad, very short flexure extends posteri- 
orly from the posteromedial surface of the main body of each ees 
to attach to the posterior zygapophysis of the second vertebra of the 
pair spanned by that myomere. The posterior flexures of plethodontids 


described previously are much longer. 


Hypaxtal musculature (see Fig. 58).- The subvertebralts is similar to 
that of Plethodon, Ensatina, and Hemidactyltum, but differs from that 
of Batrachoseps. Laterally, beneath adjacent ribs, each myomere 
inclines anteriorly to some degree, underlapping its forward neighbour. 
A short, broad posterior flexure is associated with each transverse 
process. The apex of each flexure does not quite reach the posterior 
cotyle of the vertebra with which it is associated. Muscle fibers run 
posteromedially from the piternal ratatace of each septum to attach to 
the lateral edge of the cotyle, and also fan posteriorly into the body 
of the following posterior flexure. The septa and their associated 
muscle fibers cannot be termed posterior basapophyseal muscles as they 
are not directly associated with the posterior basapophyseal region of 
the cotyle, but with the myomeres and transverse processes. In this 
feature Bolitoglossa is more primitive than any of the euryciines 
described below, indicating derivation of the two groups from separate 
ancestry within the Plethodontini. Hansen and Tanner (1958) describe 
and figure elongate posterior basapophyses in some species of the genus. 
One might expect that the posterior flexures are more intimately associ- 


ated with the centra in these species. 
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Spinal nerve patterns do not differ significantly from those 


described above for the plethodontines (see also Edwards 1976). 


Lateral abdominal musculature (see Fig. 58).- Excepting the slight 
overlap of the dorsalis trunci by the o. e. superfictalis, the lateral 


abdominal musculature of this species is as in adult Ensatina. 


Pseudoeurycea cephaltea (Cope 1865) 


RANGE. Found in the mountains of southcentral Mexico (Dunn 1926). 
The genus is found from "Nuevo Leon and Tamaulipas in northeastern 


and Nayarit in western Mexico to Guatemala" (Wake 1966, p. 54). 


HABITAT. Individuals are "much like Plethodon gluttnosus in their 
habitat . . . coming from the ground, under bark of rotten logs, [or] 


under chips and débris on the ground" (Dunn 1926, p. 381). 


FOSSIL RECORD. None known for the species or the genus. 


RELATIONSHIPS. Dunn (1926) grouped all species of free-tongued Central 


and South American plethodontids in the genus Oedipus. He suggested 
that Oedtpus bellit (= Pseudoeurycea bellit) was perhaps the most 
primitive Oedipus (= the supergenus Bolttoglossa, see Wake 1966). 
Taylor (1944) erected the genus Pseudoeurycea to include several of 
those species classified previously in Oedtpus. Tanner (1952) allied 
Pseudoeurycea with Chtropterotriton, a suggestion followed by Wake 
(1966). | 

Baird (1951) divided Pseudoeurycea into four species groups: 
the gadovit group (P. gadovit, P. ungutdentis, and P. smttht), the 


Leprosa group (P. leprosa, P. rex, P. goebelt, P. cochranae, and P. 
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robertst), the bellit group (P. gigantea, the largest living pletho- 
dontid, and P. belltt), and the monotypic cephaltca group. Baird 
considered the beliitt group to be the most primitive on the following 
criteria: | 

1) lack of well-marked sexual dimorphism; 

2) cartilaginous remnants of the last pair of ribs, and 

3) internasal gland and the associated intervomerine 


foramen small. 


REMARKS. P. cephalitca is relatively large with a robust, Plethodon- 


like trunk and a rounded, tapering tail, which is not greatly elongate. 


There are 14 presacral vertebrae (a number constant throughout the 
genus according to Wake 1966) and 13 costal grooves. The trunk verte- 
brae appear to be structurally amphicoelous, but the anterior cotyles 
are of lesser diameter than the posterior and fit into them. 

The limbs are small, but not diminutive. Toes are webbed basally 
and stubby. Sexual dimorphism is evident in that males have enlarged, 


overhanging upper lips and a distinct submental gland. 


Epaxtal musculature (see Fig. 59).- The dorsalts trunct is thick, but 
not expanded. The medial portion of each anterior flexure appears to 
have been eliminated, so that there is no fanning of the muscle fibers 
within the flexures. Fibers tend to extend anteroposteriorly in the 
myomeres, although there is a very slight anterolateral component in 
the main body of each myomere. The myomeres incline posteriorly at a 
relatively sharp angle, in contrast to their gentle inclination in 
Bolttoglossa. The ribs do not extend all the way to the lateral edge 


of the dorsalts trunct. 
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Deep pos corer flexures are present throughout the trunk. These 
arise on the internal edge of the main body of each myomere and extend 
posteromedially. The flexures are tapered and insert on the neural 
arches anterodorsal to the posterior zygapophyses. Hyperapophyseal 
muscles appear to lack long septa and the hyperapophyses resemble 


those of Bolitoglossa, but are relatively larger. 


Hypaxtal musculature (see Fig. 59).- The subvertebralts is very like 
that of Bolttoglossa, but with several distinctions. Posterior flexures 
extend further laterally and posteriorly. The septum extending back 
from each flexure is long and gives rise to muscle fibers that fan 
posteriorly to form the body of the following posterior flexure. The 
main body of each myomere inclines anteriorly. The ventral fibers 
extend anterolaterally, but the more dorsal align posterolaterally 
between adjacent ribs. At the cartilaginous joint between each ventral 
rib-bearer and the ventral arm of the associated rib a small septum 
arises. This extends a short distance posteriorly and serves as a site 
of insertion for several of the intercostal muscle fibers. 


The spinal nerves are patterned as in Bolttoglossa. 


Lateral abdominal musculature (see Fig. 59).- The structure and 
relationships of the r. a. profundus, Yr. a. superficialis, and o. e. 
superficialis conform to the pattern seen in Bolttoglossa subpalmata, 
but significant modification of the transversus and o. e. profundus is 
evident. This involves the dorsal parts of the latter two layers, just 
ventral to the horizontal septum. Anteriorly in each muscle segment, 


part of the transversus has come to lie external to the o. e. profundus 
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and attaches to the horizontal septum. The two layers have thus 
reversed their positions in the anterior part of each myomere, but the 


functional significance of this is obscure. 


Chtropterotrtton Taylor 1944 


RANGE. This genus is found from "southern Nuevo Leon and southwestern 
Tamaulipas through eastern and east-central Mexico to Guatemala, El 


Salvador, Honduras, and Costa Rica" (Wake 1966, p. 54). 


HABITAT. These are ''small mountain salamanders [with species] 


adapted to both terrestrial and arboreal life" (Taylor 1944, p. 213). 
FOSSIL RECORD. None known. 


RELATIONSHIPS. Basing his conclusions on the structure of the hyo- 
branchial musculature, Tanner (1952) allied Chtropterotriton with 
Pseudoeurycea. Parvimolge and Lineatriton were suggested to be close 
to these two genera. Wake (1966) followed Tanner and grouped 
Chtropterotriton with the other neotropical plethodontines in the 


supergenus Bolttoglossa. 


REMARKS. Three species of Chtiropterotriton were available for study: 
the pemrestnt a C. ehiroptera (Cope 1863) and C. chondrostega (Taylor 
1941), and the bromeliad-dwelling C. xolocaleae (Taylor 1941). 
According to Taylor (1944, p. 216) C. chtroptera is most numerous at 
high elevations, being found "deep among rock piles, in the roots of 
rotting stumps and sometimes in the thick basal masses of the mountain 
grass clumps, which remain moist during much of the dry season." 


Dunn (1926, p. 371) referred to Oedipus chiropterus as a subalpine 


eo 


nds Sink garbetnayd tone te: Sony vebrozee 
heersol yet sotto 
rreteaiittuce bres -rdsd shiaaeti orssiitaese" Lanta irae ‘“ * : 
hametaue Q3 Gos zaik (erdase—rens uaa, tetera dunuit 
£2 4q ,B801 aa) Teak aged’ hcl esi 
fevinece tis) me ig ane Cue stk eatin Lise wis oat) 
(Eth is heOd goiveTy MWRLL bgetodrs: bre Aabavetored richer 
i a ae 
ovd add FO. wat sess ne na, sued tat ome he yaieng oe yi 
ithe HRSA TTY, batils GS4G1). SeaineT puta wa | Te 
colo, of af beeen ae eed bas smleaderess ack 
ea bie: raanat peuatior (onet) a eran, On Se 
as ni] oniszoobod’ at seabaeitun ‘add. eal 2 Asha ast ms | 
| oe ee: TEN tie ba ah an 
siete Et oidatievs avaw conaeraageai # £0 owhorage Cail at nie 
voli “5 rye edrberods Ba fits (pat ego} smerets 2 1233 a 
(ives asiyaty acoingoton. me pntiteverbattenigd as oa 
se setsomer rhe el psec | 2 (ais sf Phe) moayat oe 
jo iscve-odt ni eet Joos pion | qasb® bic, gated ,2noktey 
Pac oc ay to ane ol seit So iss ads te sont sence bre — | 's ‘ ) 
\ Wisenes xb siti 6 toa gene ith selom aianes gatite ceil #8 2078 
: aa wate. 6 8 BS + bayetaneite ane o derentes (zt. 4. ah a 1 ; 
" | hy | Tt - die 


#4 . as F 
oN os V Oe i pt : 5 vA 


| | oo 
bs i ¢ ¥, 7 Ta ° aa 
. iS ae Mae Waihi 
= > i = rh) 7 : Anu on rn r \& 


301 


species inhabiting pine forests. Its habits are "much like those of 
Plethodon ctnereus and ... [it is] found among decaying vegetable 
débris on the floor of the forest, under logs, beneath the bark of dead 
logs, and under any loose material." 

The tail in C. chtroptera is relatively long and the trunk is 
thin but not attenuate. There are generally 13 costal grooves Pe eene 
and Wake (1966) states that there are 14 trunk vertebrae in all 
species of Chtropterotriton. The limbs are small, the toes hardly 
webbed and quite stubby. In preserved specimens of all three species, 
the trunk vertebrae are aligned at slight angles to each other. That 
is, one vertebra will extend anterolaterally to the left, the next 
anterolaterally to the right, the next to the left, and so on. Only 


C. chtroptera has been figured. 


Epaxtal musculature (see Fig. 60).- The dorsalis trunct of Chtroptero- 
triton differs somewhat from that of Pseudoeurycea. The anterior 
flexures are short and provided with anteriorly directed, relatively 
elongate septa. In this they are like Bolttoglossa. The myomeres rise 
posterodorsally at a greater angle than in the latter genus, resembling 
Pseudoeurycea more closely in this regard. Prominent deep posterior 
flexures are developed along the column, also as in Pseudoeurycea. 
Hyperapophyseal muscles resemble those of Bolttoglossa in their long 


septa. Muscle fibers in the main bodies of the myomeres extend antero- 


posteriorly. 


Hypaxtal musculature (see Fig. 60).- In C. chtroptera the subvertebralis 


is developed as in Batrachoseps attenuatus, with the loss of posterior 
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flexures. Differences in the development of this unit between the 

two indicate the resemblances to be convergent, however (see also 

Fig. 57). In the anterior part of the trunk is a slight posterior 
extension of the myomeres medially, but this does not form a posterior 
flexure. In the posterior third of the trunk the myomeres are limited 
solely to the area between two adjacent tranverse processes and their 
ribs. The ventralmost fibers extend anteroposteriorly, those further 
dorsal run posterolaterally. The structure of the subvertebralts is 
markedly different from that of Pseudoeurycea cephaltca, but there is 
resemblance in the common possession of posteriorly directed septa in 
the intercostal musculature. 

In C. chondrostega, also a terrestrial species, the subvertebralts 
has the same structure as that of C. ehtroptera. In contrast to these 
species, the bromeliad-dwelling C. xolocalcae has fully developed 
posterior flexures, each with a posteriorly directed septum from which 
muscle fibers fan posteriorly. The apex of each posterior flexure 
extends to the border of the posterior cotyle of the adjacent vertebra. 
The correlation between the simplified subvertebralts and terrestrial 
habits (Batrachoseps attenuatus is also terrestrial) is of note. 
Nevertheless, the presence in a single genus of two quite different 
kinds of subvertebral pattern indicates that all species of the 
Neotropical genera will have to be studied before concrete phylogenetic 
and functional interpretations can be made. At present, generic 
phylogenies for the bolitoglossines are very uncertain. 

In all three species the spinal nerves of the trunk exit intra- 
vertebrally and extend laterally and then posteriorly much as in 


Pseudoeurycea. 
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Lateral abdominal musculature (see Fig. 60).- The lateral abdominal 
musculature of C. chtroptera differs from that of Pseudoeurycea 
eephaltea in that it lacks the modifications of the transversus and 
Oo. @. profundus seen in the latter. In C. chtroptera the pee aad 
extends medially to insert on the anterior faces of the ribs, but 
there is no interdigitation with the o. e. profundus. The r. a. 
Peis is relatively narrower than that of P. cephaltca. Mid- 
ventrally, the two halves of the r. a. superfictalts are separated by 
a wide band of connective tissue. Otherwise the situation in the two 
species is similar. 

The more arboreal C. xolocalcae has similarly developed lateral 
abdominal musculature, whereas the terrestrial C. chondrostega differs 
in resembling Pseudoeurycea cephaltca with respect to the relationship 
of the transversus and o. e. profundus. There appears to have been a 
notable amount of mosaic evolution within the trunk musculature of 
Chtropterotriton and it is likely that similar situations will become 
evident in other Neotropical genera. This indicates that drawing 
detailed generic phylogenies for the Bolitoglossini is probably an 
illusory exercise at present. Parallelisms and convergence are 
undoubtedly very common in this group and it will prove difficult to 


work out real relationships. 


Hydromantes brunus Gorman 1954 


RANGE. Only three isolated populations in the Yosemite Valley in the 
County of Mariposa in California are known, all within an area of one 


and a half miles (Gorman 1954, 1964). 
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HABITAT. H. brunus is found in limestone areas between 1,285 and 2,500 
feet elevation, associated with Chaparral plants of the Upper Sonoran 
life-zone. It is associated with "Anetdes lugubrts, Batrachoseps 
attenuatus . .., Tartcha torosa, and Rana boylet. The first two 
species occur with Hydromantes brunus, often being found at the same 
time under the same rock" (Gorman 1954, p. 157). Reproduction is 


Oviparous (Gorman 1956). 
FOSSIL RECORD. None known for the species or the genus. 


RELATIONSHIPS. Other species of Hydromantes are H. shastae and dH. 

_ platycephalus, also from California, and H. genet and H. ttaltcus from 
Europe. The former is on the Island of Sardinia and the latter is known 
from the Maritime Alps and Apennines (Gorman 1964). The generic 
distribution is highly disjunct, probably owing to invasion of the Old 
World and not relictual. 

Dunn (1926, p. 31) considered Hydromantes to share a common 
ancestor with Gyrinophtlus and that there was "no alliance between 
Hydromantes and Oedipus [= supergenus Bolttoglossa] except the common 
origin of the two from some terrestrial stock." Piatt (1935) believed 
Hydromantes to be most closely related to "Oedipus," and these along 
with Batrachoseps to be closest to the Plethodon group. Taylor (1952) 
held that the genus was closely related to Bolttoglossa and the other 
Neotropical plethodontids. Wake (1966) indicated Hydromantes to be 
closest to the supergenus Bolttoglossa and Batrachoseps, but with the 
latter two taxa being closer to each other than either is to Hydromantes. 
He stated (p. 69) that "Hydromantes is the most generalized [?primitive] 


of the three supergenera.'"' Nevertheless, the absence of the free tongue | 
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in Batrachoseps and its presence in Hydromantes and the supergenus 
Bolttoglossa would seem to contradict Wake's interpretation. I classify 
Hydromantes as a member of the Bolitoglossini, along with Bolitoglossa 


and its allies. 


REMARKS. 4H. brunus differs from the other North American species of 
Hydromantes in its larger size, coloration, and in proportional 
differences of the head, body, tail, and eyes. Palatal teeth also have 
a differing pattern (Gorman 1954). There are 13 costal grooves, which 
correlate with 14 trunk vertebrae. The premaxillae are separate and 


prefrontals are lacking (see Wake 1966). The tongue is free. 


Epaxtal musculature.- The dorsalts trunct is extremely thin, with only 
a few layers of muscle fibers overlaying the vertebrae and ribs. In 
some ways it resembles certain of the more derived salamandrid newts. 
Anterior flexures are relatively short, but their apparent length is 
increased owing to the extreme overlap of the main bodies of the 
myomeres. The anterior flexures are each provided with a forwardly 
directed septum, from which muscle fibers fan anteriorly. Owing to 
the thinness of the dorsalis trunct, the hyperapophyseal muscles are 
closely associated with the anterior flexures. They are not ventral 
to the flexures, but occur slightly ventromedial to them. Muscle fibers 
extend from each hyperapophyseal septum to an anterior flexure. 

The main bodies of the myomeres do not extend laterally beyond the 
ribs. The ribs end in enlarged cartilaginous caps, which are barely 
covered by the dorsalis trunect. Owing to the marked overlap of, and 
the small mass of musculature in, the myomeres, they resemble a series 


of overlapping disks. Deep posterior flexures are absent. 
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Hypaxtal musculature.- The subvertebralis is very thin and does not 
extend onto the ventral surfaces of the centra. Posterior flexures are 
short, extending only a slight distance posterior to their respective 
transverse processes. The medial septum of each flexure extends 
anteromedially to the intercentral joint between its vertebra and the 
latter's next anterior neighbour. This septum does not associate with 
the posterior cotyle but with the joint, and posterior basapophyses are 
correspondingly absent. Each posterior flexure has a short septum 
extending backwards, from which muscle fibers fan. 

The fibers beneath the ribs extend anteriorly and very slightly 
laterally. Those between the ribs run posterolaterally and are continu- 
ous with the o. e. profundus distally. 

The patterns of the spinal nerves are as in other bolitoglossines 
described here, with a relatively long subvertebral exposure to the 


peritoneal cavity. 


Lateral abdominal musculature.- The muscle layers of the lateral wall 
of the body are very narrow, correlating: with the increased width of 
the rectus abdomints. The o. e. superfictalts is narrow and does not 
extend dorsally far enough to meet the dorsalts trunct, although a few 
fibers overlap the latter complex in the more anterior region of the 
trunk. It does, however, slightly overlap the rectus abdomtnts 
ventrally. Muscle fibers extend posteroventrally at an angle slightly 
offset from the horizontal, which contrasts with the vertical alignment 
in the o. e. superfictalis of the other bolitoglossines dissected. 

The o. e. profundus has fibers oriented at the same angle as those 


of the o. e. superfictalts and is likewise segmented by myocommata. 


oes 


shitermes ramet? she ¥e auaqee t | 
acs Lee elgeray aia maswzed tai tie 


ites oozes fen eam sree. SEAT a i sa 


a deone Ss nes ecient? e's i 

| <a evedi? oloaame nde end 

(ftdetie eee bes ¥lepiveria bee 2X eae as, dined “i 
-unrirsaen oe Dom TS ihevasnlorayeog myst Tinie indy ae noi 


tf i a 


seatecots oitlod sidney id ‘em ofan arti sai eas on air 


wit oF etweogxe [art svete gest Atevdsatey é tt > raat 


caer 


2906 ate wea pet a4) 


wot 6 dguodets, patient i ire 


taoding FIs lagtiany, ae, sa moan 


It blends partially with the intercostal musculature dorsally and is 
overlapped externally by a short, thin flap of the r. a. superfictalis, 
with which it also blends. The transversus originates dorsally along 
the anterior edges of the subvertebral myosepta and its fibers aytend 
anteroventrally. This sort of origin produces a step-like dorsal edge 
to the transversus. The unit is not segmented and proceeds ventrally 
along the internal surface of the o. e. profundus and then the Yr. @. 
profundus to meet the r. a. superfictalts. Although notably wider, the 
r. a. superfitctalts is developed as in other bolitoglossines. Perhaps 
surprisingly in light of the markedly protrusive tongue, the r. a. 


profundus does not appear to be free within the body wall. 


b) Subfamily Desmognathinae Boulenger 1882 
Tribe Euryciini Wake and Lombard 1973 


Eurycea btsltneata (Green 1818) 


RANGE. This is the most wide-ranging species of Hurycea, being found 
"from southeastern Canada to Florida, and west to the Mississippi and 


into eastern Illinois" (Mittleman 1966, p. 45.1). 


HABITAT. "This is essentially a species of the brooksides, where it 
hides beneath stones and logs in the well saturated soil. It is at 

home in the water . . . and swims freely aoe Occasionally found 
in drier Situations some distance from water" (Bishop 1943, p. 404). 


Eggs are laid in streams and the larvae are aquatic from time of 


hatching. There is at least one confirmed instance of a female guarding 


the eggs (Salthe and Mecham 1974). 


FOSSIL RECORD. None for the species or the genus. 
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RELATIONSHIPS. Dunn (1926) believed Eurycea to be derived with respect 
to Gyrinophtlus and to be allied to Stereochilus and Typhlotriton. 
Along with £. multtplacata, E. bitslineata was considered to be the most 
primitive species of the genus. Dunn included all free-tongued 
plethodontids and their allies in his Eurycea generic group. Piatt 
(1935) derived Eurycea from Pseudotrtton, which was in turn derived 
from Gyrinophilus, but he considered the free-tongued plethodontids to 
be diphyletic. In contrast to these workers, Noble (1931) noted that 
Eurycea was in some ways more primitive than Gyrtnophilus. 

Wake (1966) considered Eurycea as most closely related to 
Typhtlotriton, Hatdeotrtton, and Typhlomolge, and that these four genera 
were derived from Gyrinophtlus-Pseudotriton stock. In overall structure 
Eurycea is no more derived than Gyrinophtlus, however, and in terms of 
the subvertebralts it is, perhaps, somewhat more primitive. In the case 
of EZurycea and its allies it is not particularly profitable to draw 
detailed generic phylogenies, as there is simply not enough evidence 
to make hypotheses concrete. I further differ from Wake as regards the 
relationships of Hemidactylitum. This genus is not particularly close 
to Eurycea, or to any other of Wake's Hemidactyliini. I therefore 
recognize a tribe Euryciini, which is equivalent to the Hemidactyliini, 


but without Hemtdactyltum (see Conclusions). 


REMARKS. EE. bisltneata has a long, thin body with 14 costal grooves 
and an elongate, tapering tail. The limbs are small, but not greatly 
disproportionate. The trunk musculature is thick, but not massive. 
E. junaluska was also available for study, but did not differ from 


E. btsltneata in terms of the trunk musculature. 
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Epaxtal musculature (see Fig. 61).- The epaxial musculature is very 
Similar to that of other members of the Furycea group. Each myomere 
rises steeply posteriorly from between adjacent ribs. The anterior | 
flexures are short and overlap each other minimally. Relatively 
large deep posterior flexures extend posteromedially from the main 
body of each myomere to insert anterior to the neberrponniers of the 
next posterior vertebra. Hyperapophyseal muscles are of typical 
plethodontid development. The muscle fibers in the main body of each 
myomere extend anteroposteriorly, although the most superficial layer 


shows slight anteroventral alignment. 


Hypaxtal musculature (see Fig. 61).- The subvertebralts is directly 
comparable to that of the plethodontines, but the posterior flexures 
have been modified to what may be termed true posterior basapophyseal 
muscles. Medially the presence of posterior basapophyseal muscles 

is largely obscured by longitudinal muscle fibers, which underlie 

this complex. Above these, each vertebra has a pair of relatively thin 
posterior basapophyseal muscles. These are homologous to the posterior 
flexures of Plethodon and its allies, being produced by medial migra- 
tion of the flexures and closer association with the vertebrae. 
Posterior basapophyses are present on the more anterior trunk vertebrae 
(Tl through T6 or T7) and on the atlas. Posterior basapophyseal septa 
attach to these processes and muscle fibers fan posteriorly from the 
septa. The attachment of these fibers to the centrum and transverse 
process on either side of the following vertebra forms the origin of 


each posterior basapophyseal muscle. 
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Based on positional relationships, the posterior basapophyseal 
septa are homologous to the single septa that extend posteriorly from 
the posterior flexures in plethodontines (Gyrinophilus perhaps shows 
this relationship more clearly, see Fig. 65). A septum extends 
posteromedially from a point just below the distal end of each ventral 
rib-bearer and joins to the posterolateral edge of the centrum of the 
same vertebra. Muscle fibers run posterolaterally from the basapophy- 
seal septum to the septum just described, which is homologous to the 
external septum of the posterior flexure in plethodontines (q.v.). 
Although Anetdes lugubrits has a similar sort of arrangement to that 
described, there are certain differences and the posterior basapophy- 
seal muscles in it are probably convergent upon the condition in 
euryciines. The true posterior basapophyseal muscle represents a 
shared and derived character serving to unite Eurycea and its allies 
with Desmognathus, Leurognathus, and Phaeognathus. It is also evidence 
against relationship of bolitoglossines and euryciines. 

The main body of each myomere, distal to the transverse processes, 
extends a short distance past the ends of the ribs. The more ventral 
fibers next to the peritoneum extend anterolaterally. In contrast to 
some other members of the Euryciini, this layer is relatively thick 
and not overshadowed by the more dorsal fibers, which run antero- 
posteriorly. The latter fibers are largely limited to the area 
immediately between adjacent transverse processes. Dorsal to the 
anterolateral fibers, but still slightly ventral to the ribs, is a 
layer that runs posterolaterally. This group continues dorsally to 


become the intercostal group, and laterally and ventrally to form the 
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Oo. @. profundus. The main bodies of the myomeres drop ventrally and 

posteriorly, especially at the more lateral border of the subvertebralis. 
Each spinal nerve in the trunk region exits intravertebrally from 

a small hole in the wall of the neural arch. The nerve then proceeds 

posterolaterally through the myomere, paralleling the ribs. At the 

lateral edge of the subvertebral portion of the myomere the spinal nerve 

extends between the transversus and 0. e. profundus. The spinal nerve 


is not exposed to the peritoneum. 


Lateral abdominal musculature (see Fig. 61).- The external o. e. 
superficialts spans the area between the epaxial musculature and the 
rectus abdomints, overlapping each slightly. The fibers of the o. e. 
superfictalts are aligned parallel to the segmenting myocommata, but 
owing to posteroventral declination of the myocommata the fibers are 
aligned posteroventrally with respect to the trunk. The thicker o. e. 
profundus lies deep to this layer, being a direct continuation of the 
intercostal musculature. Its fibers extend posteroventrally between 
adjacent myocommata at an angle just slightly displaced from the 
horizontal. Ventrally the o. e. profundus blends with the vr. a. 
superfictalts, but the latter has a thin flap that overlaps the former 
externally. 

The transversus is deep to the o. e. profundus and there is no 
Oo. tnternus. The transversus is not divided by myocommata, is relatively 
thick, and the fibers extend anteroventrally. It extends a short way 
into the subvertebralts, but is not connected to the ribs. Ventrally 
it underlaps the r. a. profundus and meets the r. a. superfictalis. 


The reetus abdominis is developed as in other plethodontids. 
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Alignment of the myocommata of the lateral abdominal series differs 
from that of other plethodontids. The septa extend posteroventrally at 
a Slight angle away from the vertical. Then, at the level of the trans- 
ition between the o. e. profundus and r. a. superficialis, they ee 


direction and proceed anteromedially to the centre line of the belly. 


Eurycea quadrtdtgttata (Holbrook 1842) 


RANGE. This salamander is found from "North Carolina south to middle 
Florida, west through [the] Gulf States to [western] Texas .. . [and] 


northward to Arkansas and Oklahoma" (Bishop 1943, p. 446). 


HABITAT. According to Bishop (1943, p. 446) the species is "most 
abundant in low, swampy places, beneath logs, bark, and other surface 


rubbish, in leaf-filled trickles from springs, and in the debris along 
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the margins of pools in river swamps and marshes . .. . [It is] mainly 
terrestrial in summer and fall, but enters the water for . . . egg-laying 
. in December.'' There is no guarding of the eggs (Salthe and 


Mecham 1974). 
FOSSIL RECORD. None known. 


RELATIONSHIPS. Wake (1966) included this species in the genus Eurycea, 
noting that the only good distinguishing character separating it from 
the other species is the presence of four toes on the hind feet. 
Mittleman (1967, pe ade tys however, considered separate generic status 
justified, stating that Manculus quadridigttatus "differs from all 
Eurycea; and all plethodontids except Hemidactyltum and Stereochtilus, 


in that the tail fin of the larva extends onto the body." He also 
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stated (p. 44.1) "that the differences which set apart Manculus from 
Eurycea, though quantitatively few are highly significant and may be 
interpreted as those of a relict species derived from a pre-Eurycea 
progenitor, the similarities between Manculus and Eurycea being a 
result of generic convergence." 

Piatt (1935) and Wake (1966) argued that "Manculus" is a deriva- 
tive of Eurycea, and Dunn (1926) included EF. quadrtdigttata in the genus 
Eurycea. I cannot agree that the absence of a single toe and a somewhat 
elongated tail fin are "highly significant" features. Study of the 
trunk musculature and comparison with that of FE. btslineata and F. 
Junaluska, as well as other plethodontids, confirms the usage of Dunn 
(1926) and Wake (1966). It is more probable, as suggested by Wake 
(1966), that EZ. quadridigttata is of common origin with the other 


species of Furycea. 


REMARKS. The form of the body of this salamander is like that of 


E. btstltneata. 


Epaxital musculature (see Fig. 62).- The dorsalis trunct is quite similar 
to that of &. bislineata, but with several distinctions. The anterior 
flexures are somewhat longer than those of EF. btsltneata, presumably 

in correlation with the larger hyperapophyses. As in £. btsltneata, 

the anterior flexures change along the column. In the area of the 
pectoral girdle the myomeres extend anteriorly, but a flexure is lacking. 
This may correlate with the absence of hyperapophyseal spines in the 
anterior region of the trunk. Anterior flexures are some three times 

as long as those of E. btslineata, seemingly a more primitive condition 


(compare other euryciines below). 
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The main bodies of the myomeres rise more steeply than is the case 
in E. btslineata. The fibers are deflected anterolaterally and antero- 
ventrally. This alignment holds true deep into the myomeres, whereas 
in E. btsltneata the deep fibers extend anteroposteriorly. As in ae 
latter species, deep posterior flexures and hyperapophyseal muscles are 


developed. 


Hypaxtal musculature (see Fig. 62).- The subvertebralts differs somewhat 
from that of £. btslineata. In ventral view the presence of 

posterior basapophyseal muscles is evident without the removal of any 
muscle fibers. There is a more or less distinct division of the 
subvertebralts into the basapophyseal unit and the lateral subcostal 
portion. Posterior basapophyseal muscles are developed as in £. 
btsltneata, but are more readily distinguishable. 

Muscle fibers within the main parts of the myomeres are aligned as 
in E. bislineata, but there is an apparent difference in the orientation 
of the myomeres themselves. In £. btslineata each myomere descends 
posteroventrally from between adjacent ribs with little variation along 
the column. In £. quadridigitata, however, there is change along the 
column. In the anterior part of the column, next to the pectoral girdle, 
the myomeres tilt posteriorly. In the midtrunk region they descend 
more or less straight ventrally, whereas in the more posterior regions 
the distal parts of the myomeres are inclined anteriorly. How much of 
this difference reflects the effects of preservatives is uncertain owing 
to small sample size. 


The spinal nerves are developed as in EF. bisltneata. 
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Lateral abdominal musculature (see Fig. 62).- Except as noted, the 
lateral abdominal musculature is as in EF. btslineata. The myosepta 
extend straight ventrally from the epaxial myomeres, with no posterior 
deflection. Beneath the o. e. superfictalis the myocommata segmenting 
the r. a. superfictalts extend anteromedially for a short distance and 
then bend posteromedially. The o. e. profundus piends completely with 
the r. a. superftctalts and the latter does not overlap the former 


externally. 


Typhtotriton spelaeus Stejneger 1893 


RANGE. '"This salamander is restricted to [limestone] caves and 
springs on the Salem and Springfield plateaus of the Ozark region of 


Arkansas, Kansas, Missouri, and Oklahoma" (Brandon 1970c, p. 84.1). 


HABITAT. Metamorphosed individuals are restricted to caves and "are 
more terrestrial than other true cave salamanders. The larvae are found 
in springs and streams, both in the open and in caves" (Bishop 1943, 

p. 351). Adults are found both in the water and on the walls of caves 


(Dunn 1926). Breeding behavior is unknown. 
FOSSIL RECORD. None known. 


RELATIONSHIPS. Stejneger (1892) classified this monotypic genus in 

the Desmognathidae on the basis of its opisthocoelous vertebrae. Dunn 
(1926, p. 251) believed it to be derived from an ancestor "very close 

to the ancestors of the Eurycea group if not from the same stock." He 
noted similarities in the vertebrae, degree of sexual dimorphism, larval 
structure, and cranium to Pseudotriton. Noble (1931) also considered 


Typhlotriton to be related to Zurycea, and to be possibly ancestral 
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to Typhlomolge. Piatt (1935) suggested that Typhlotriton was close to 
Gyritnophtlus, Pseudotriton, and Eurycea and that it gave rise to 
Typhlomolge. Wake (1966) aaerenea a more specific ancestor, deriving 
the genus from a common stock shared with Furycea and Hatdetriton. 

The dorsalis trunct is more derived than that of Furycea, whereas 
the structure of the subvertebralts appears more primitive. This may 
simply reflect paedomorphosis, however, and Typhlotrtton is close to 


Eurycea, as suggested by previous workers. 


REMARKS. These are normally proportioned, blind salamanders. The 


skin is only slightly pigmented, with a white or flesh-coloured base 


and small orange or black spotting dorsally (Dunn 1926, Bishop 1943). . 


There are 16 costal grooves, the trunk being relatively robust and 
not elongate. The tail is relatively long, robust, and rounded in 
cross-section. The limbs are robust, not spindly as in Typhlomolge. 


The head is depressed, narrow, and quite elongate. 


Epaxtal musculature (see Fig. 63).- The dorsalts trunct is of the same 
basic plan as other members of the Euryciini. Anterior flexures are 
V-shaped anteriorly, with only a small part buried medially (contrast 
Gyrinophttus, Fig. 65). They are more or less confluent with the 
hyperapophyseal muscles ventrally. 

The deep posterior flexures are large and well developed, each 
inserting on the anterior face of one side of a hyperapophysis. These 


flexures receive some of the fibers from the paralleling hyperapophy- 


seal muscles. The main bodies of the myomeres are large, rising steeply 


from between adjacent ribs. The ribs do not extend to the edge of the 


dorsalis trunct, although they are long. Superficial fibers on the 
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myomeres extend anteroposteriorly, whereas the deeper ones run antero- 
laterally and anteroventrally. The dorsalis trunct is covered by tough 


fascia, to which is attached the o. e. superfictalis on either side. 


Hypaxtal musculature (see Fig. 63).- The subvertebralts shows resem- 
blances to that of Eurycea, but also recalls Gyrtnophtlus to some extent. 
There are distinct, relatively short posterior flexures extending back 
from each transverse process. These do not reach the posterior cotyle 
of the associated vertebra. Each flexure gives rise to a long, 
strap-like septum, which extends posteriorly. These do not insert onto 
basapophyses, but are associated with the posterior flexures. Fibers 
fan posteriorly from these septa, forming the bodies of the following 
posterior flexures. Each flexure is partially underlapped by fibers of 
the following myomere. That is, it extends into the following myomere, 
a feature resembling the condition in Gyrinophtlus. In the lack of 
association of the posterior septum to the posterior basapophyseal 
region the species recalls the plethodontines. 

Subcostally, the main parts of the myomeres extend straight 
ventrally, excepting a slight anteroventral twist most distally. The 
muscle fibers are here arranged into two series: the more ventral 
extend anterolaterally, the more dorsal intercostals run postero- 
ventrally. This situation is as in the other members of the Eurycliini. 
The subvertebral parts of the myomere extend only a very short distance 
beyond the tips of the ribs. 

The exits and pathways of the spinal nerves are of typical 


plethodontid pattern. However, there is a greater peritoneal exposure 
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of the nerves than is seen in other euryciines, although Stereochtlus 


closely approaches Typhlotriton. 


Lateral abdominal musculature (see Fig. 63).- This part of the trunk: 
musculature is like that of other euryciines and needs little descrip- 
tion. The r. a. profundus is quite wide and there is, perhaps, some 
increase in the size of the rectus lateralts. Myosepta extend a short 
distance into the transversus at its dorsal edge, which is not a 


general plethodontid feature. 


Stereochtlus marginatus (Hallowell 1856) 


RANGE. The monotypic Stereochtlus is found on the Atlantic coastal 
plain from southern Virginia and then southward into Georgia (Bishop 


1943). 


HABITAT. Although sometimes found on land under cover in damp areas, 
the species is primarily aquatic. "'They are perhaps most abundant in 
pools and slow streams in swampy [cypress] woods," often in leaf debris 
(Bishop 1943, p. 346). The larvae are aquatic, eggs being laid in or 
near water (Rabb 1966), and guarded by the female (Salthe and Mecham 


1974). 
FOSSIL RECORD. None known. 


RELATIONSHIPS. As noted by Dunn (1926, p. 247), "in many points it 
reminds one of Pseudotriton, though, of course neither could conceiv- 
ably be ancestral to the other, while it has points of similarity with 
Typhlotriton as well. But certainly none of the features . . . call 


to mind any other genus of Plethodontidae [sic] . . . It simply shows 
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general affinities to the more primitive members of the Zurycea group." 
Piatt (1935) considered Stereochtlus to be an early derivative from the 
Eurycea group. 

Wake (1966) followed this general scheme, believing Bere canelua 
to be an early offshoot of the Euryciini (his Hemidactyliini). 
According to Wake (p. 63), "One of the most primitive characters of 
Stereochtlus is the presence in adults of a distinct ... lateral 
line system on the heads." Of course, this feature is not primitive, 
being simply owing to retention of larval characteristics in the adult 
and, therefore, derived. In spite of this misinterpretation, 
Stereochtlus is in many respects primitive within the Euryciini. 
Whether or not the lack of a free tongue is primitive (as the schemes 
of Piatt 1935 and Wake 1966 indicate) or derived remains uncertain. 

The fixed tongue of See yr: may well be a secondary paedomorphic 


trait (see Conclusions). 


REMARKS. These are relatively small, slender salamanders with short 
limbs and a short, low, and laterally compressed tail. The trunk is 
robust, but elongated, and the head is relatively small and flattened. 


Dunn (1926) cites costal groove counts of 18 and 19. 


Epaxtal musculature (see Fig. 64).- The dorsalts trunct is massive, 
deeply burying the vertebral column. The main bodies of the myomeres 
rise posterodorsally at a steep angle. The muscle fibers within these 
blocks extend anterolaterally between the myosepta. Large deep 
posterior flexures are present throughout the column. These extend 
posteromedially from each myomere into the following myomere to insert 


onto one side of the hyperapophysis of the following vertebra. The 
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posterior flexures also serve as sites of attachment for some of the 
fibers from the hyperapophyseal muscle fibers. 

Anterior flexures extend further’ forward’ than is the case in ‘either 
Gyrtnophtlus or Pseudotriton. A small portion of the inner part of 
each flexure (in which fibers extend anteromedially) is visible in 
dorsal view, but the majority of this part is buried owing to ventral 
deflection. The ventral portions of the anterier flexures appear to 
be confluent with the hyperapophyseal muscles. These latter are 


developed as in other plethodontids. 


Hypaxtal musculature (see Fig. 64).- The basic structure of the 
subvertebralts is very similar to that in Gyrtnophtlus and 
Pseudotriten although differing in details of the orientations of 
muscle fibers and development of septa. There are two layers in the 
massive, anteroventrally inclined main body of each subvertebral 
myomere. The ventral unit is composed of fibers extending antero- 
laterally, the dorsal layer has its fibers running posterolaterally. 
A seemingly unique muscle block is partially differentiated within the 
intercostal series. This has a narrow point of attachment on the 
distal end of each transverse process and fans posteriorly to attach 
to the anterior face of the following transverse process and proximal 
part of the associated rib. 

As in Gyrtnophilus and Pseudotrtton, posterior flexures are 
present next to the centra. There is, however, less intimate associ- 
ation with the centra, and the posterior flexures cannot be said to 
represent true posterior basapophyseal muscles. Nevertheless, they 


differ from the posterior flexures seen in the Plethodontinae. From 
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the posterior end of each flexure a long, strap-like septum proceeds 
backwards. This septum gives rise to fibers that extend posteriorly 
with medial, lateral, dorsal, and ventral components to form the body 
of the next posterior flexure. The centra are opisthocoelous, in 
correlation with the direct pull exerted on the posterior of each 
centrum (see Conclusions). 

| Spinal nerves exit from the column as in other plethodontids. 
They are exposed to the peritoneum for a short distance and then extend 
external to the transversus (compare Gyrtnophtlus, Fig. 65 and 


Pseudotrtton, Fig. 66). 


Lateral abdominal musculature (see Fig. 64).- The structure of this 
unit shows the greatest resemblance to that of Pseudotriton, but 
differs in the following: 

1) o. @. superfictalts not as wide and with fibers oriented 

ine thesvyert tical splane; 

2) rectus lateralts somewhat larger and more differentiated; 

3) r. a. profundus narrower and less separate from the r. a. 

superfictalts; 

4) r. a. superftctalts much wider; 

5) myocommata extending a shorter distance into the transversus. 
These distinctions probably reflect paedomorphosis in Stereochtlus, or 
at least adaptation to a more highly aquatic environment. Stereochtlus 
differs from Gyrtnophilus, but is more similar to Pseudotriton, in that 
the spinal nerves follow the myocommata through the lateral abdominal 
musculature, and in not having the transversus inserted on the distal 


ends of the ribs. 
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Gyrtnophilus porphyrittcus (Green 1827) 


RANGE. "The Appalachian uplift of the eastern United States and 
adjacent Canada, northward to western Maine and southern Quebec, 
westward into areas adjoining the Appalachian uplift from Cincinnati, 
Ohio, northeastern Mississippi, and southward to the Fall Line in 
Alabama, but not quite to the Fall Line in South Carolina and Georgia" 


(Brandon: 1967 ,..p.. 5 3.1).. 


HABITAT. The exact ecological requirements are uncertain, but it is 
"most often encountered in or along small, clear, upland streams, in 
clear springs; and “in'caves" , (Brandon "1967; pivS5.)). “Also likely 
to be found in any wet depression beneath logs, stones, or leaves in 
the surrounding forests" (Conant 1958, p. 242). The eggs are guarded 


(Salthe and Mecham 1974). 
FOSSIL RECORD. None known for the species or the genus. 


RELATIONSHIPS. The genus is generally considered "the most primitive 
Of the free-tongued [plethodontid] salamanders" (Dunn 1926, p. 27). 
Dunn noted the double premaxillae, lack of sexual dimorphism, and 
"ancestral" ecological relationships. Noble (1931) believed 
Gyrtnophilus and Pseudotriton to be the most primitive plethodontids, 
but noted that in several features the former was more derived than 
Eurycea. According to Platt (1935) Gyrtnophtlus is the most primitive 
of the eastern free-tongued plethodontids, with Stereochilus, 
Typhlomolge, and Typhlotriton being "degenerate, specialized forms" 
arising from a Gyrtnophtlus-like ancestor, which also gave rise to 


Pseudotriton and Furycea. Wake (1966, p. 63) believed Gyrinophilus, 
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Stereochtlus, and Pseudotrtton to be "the most primitive generic group 
in fe family [Plethodontidae]." 

It is true that Gyrtnophtlus and its allies are in some respects 
primitive. However, I believe that certain so-called primitive 
réacures are in fact derived. There can be little question that 
structurally Plethodon is distinctly more primitive than any living 
euryciine. I argue below that Eurycea is probably as primitive as 
Gyrtnophtlus and that the reproductive patterns of the Euryciini and 
Desmognathini may be of secondary origin. Plethodon is representative 


of the ancestral plethodontid, at least structurally. 


REMARKS. This species has a long, relatively narrow body with a short, 
robust tail. The trunk is more or less cylindrical and well muscled. 
There are between 16 and 19 costal grooves, with counts of 17 and 18 
being the most common (see Brandon 1966). Limbs are quite small for 

a normally metamorphosing salamander of its body size, but they are 


not diminutive. 


Epaxtal musculature (see Fig. 65).- The dorsalts trunct is similar to 
that of Desmognathus. In dorsal view the medial parts of the anterior 
flexures are hidden by the musculature of the opposite side. Thus the 
paired myomeres of either side meet in a forwardly pointing V. This 
differs from D. fuscus, in which the anterior flexures are almost 
completely exposed in dorsal view. When the myomeres are displaced 
laterally the anterior flexures are seen to be developed in a manner 
similar to D. fuseus. Each anterior flexure is relatively short, 


extending to about the midpoint of the neural arch of the first vertebra 
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of the pair that its myomere spans. There is a slight overlap of these 
flexures. 

The main bodies of the myomeres oe thick, extending postero- 
dorsally from between adjacent vertebrae and ribs. The muscle fibers 
align anteroventrally, there being no superficial layer of antero- 
posterior fibers as is seen in Desmognathus. From the posteromedial 
edge of each main body a large deep posterior flexure extends postero- 
medially and ventrally. This is hidden beneath the anterior flexure 
of the next posterior myomere, and inserts on the lateral edge of the 
neural archjot the following vertebra. .These deep posterior flexures 
are presumably homologous to the posterior septa encountered in 
ambystomatids, being produced by means of invasion of muscle fibers so 
that stronger direct pull is produced on the vertebrae. Whereas 
ambystomatids and hynobiids have the septa only in the posterior half 
of the column, Gyrinophilus and other plethodontids tend to have deep 
posterior flexures throughout the column. Owing to the presence of 
these see each myomere is excavated anteriorly so as to accom- 
modate the posterior flexure of the next anterior myomere and to 


produce its own posterior flexure. 


Hypaxtal musculature (see Fig. 65).- The subvertebralts of this species 
differs from that of Desmognathus, but is of basically similar plan. 
Although closely comparable to Desmognathus, it is derivable from the 
condition of Eurycea. The main part of each myomere, beneath and also 
distal to the ribs, is composed of ventral fibers extending antero- 


laterally to underlap the anterior neighbour. The myomeres extend a 


significant distance distal to the ribs. The intercostal fibers run 


324 


aveds io. pion rile 5 ue eres 


“ones 20q patna dob hire sera 


srodts sloeum aft sede bas sandetea i a 


oreseeq theedts suxelt Tokzateeg on nat, 4 ‘pd nie 
ate ke r% nantes (is Ona. Ktaones aebbtt ab ey. Meda a 


ah 


aget 9 nt foaka ms yotal oni sty? ‘ene! tbo a oye 


74 


avtursi? xokrmteoy quod seni endo Tame, eteotto3 | 
nk boneinveaite ash. ne xobtaieon Mant nf 1 werslen 


noah eyed OF bias ebtindbodtte ki, rete pe i e vga 


Ca5 


40 K4anoeet 7 and ot we. sion ot 


it ad 
Hie rae ne i 


he: aah iy ad By vein 


av Re 2 Waa _ i in 


entonge eft tp. etlingiass 


ti vot tate cabhild to a at a 1 


ft a | Lt b te 
Eee WL a 
Sag Bi te 4 vf ) i heal 


Pr oo atdirired Pues veut eet Ot 
i” WE: eed ial i ts fai 
sd ba masta stout fone te i) | 


Ee oe 
eth 


*) poe 
. ioe 7 « va ~~ 
( pest a Aye oP 


; " beats ne naeen ss 
. sedis 6 tai 8 
i ue oe a ns i 
Body ikea oy ** me oie, iy 
ris pe sa ib Piet oe ah ee e 7. 
7 el A Pris : oe a ny 
a an s “a UR Rie yf oe ” vn i dad 
Sao bol PAT he tf 7 on 

a heat : a ¥ mat at uJ bad ate Oe tl eT ie tid | 7, ale ie 


325 


posterolaterally, eventually forming the o. e. profundus distally and 
ventrally. 

Posterior basapophyseal muscles are present along the column, 
although posterior basapophyses are lacking. Whether these should tie 
termed posterior flexures rather than basapophyseal muscles is 
problematical, but they are closely comparable to the basapophyseal 
muscles of Pseudotriton and Desmognathus. Each vertebra gives rise 
coma paireot septay;y,one from either side of the postexior coty le. 
inese*paralirelthe centrum of ‘the’next*posterior vertebra and provide 
attachment for muscle fibers. These fibers fan posteriorly to the 
centrum, paralleling septum, and posterior flexure of the following 
vertebra. The posterior flexures, along with the internal basapophyseal 
septa, form cone-in-cone structures along the column, as is seen in 
Pseudotriton and Desmognathus. 

The spinal nerves exit as in other plethodontids, passing postero- 
laterally through the subvertebralis until just before the latter's 
distal edge. The nerves are here exposed to the peritoneal cavity for 
a very short distance, and then extend between the transversus and 


O. @. profundus. 


Lateral abdominal musculature (see Fig. 65).- The lateral abdominal 
musculature is almost identical to that of D,.fuseus. Laterally the 
O. @. superfictalts bridges the epaxial myomeres and the rectus 
abdomtnus, both of which it overlaps slightly. In contrast to D. 
fuscus, the fibers of the o. e. superfictalts extend posteroventrally 
at an angle slightly displaced from the vertical. A rectus lateralis 


is present. The o. e. profundus lies deep to the o. e. superfictalis 
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and is a direct ventral continuation of the subvertebralis. The fibers 
of this layer extend posteroventrally at an angle slightly displaced 
from the horizontal. 

The transversus is applied against the inner surface of the o. e. 
profundus. It is relatively thick, its fibers running anteroventrally, 
and not divided by myocommata. A few muscle fibers from the trans- 
vérsus attach to the anterodistal edge of each rib. Ventrally there 
bSpa.Slight overlap sonto, theyri aireuperfrctalies sto which itsis «bound 
by tough fascia. The rectus abdominis is divided into two portions, as 
in all other plethodontids here described. The r. a. superfictalts 
overlaps the o. e. profundus externally, as described for other species 
above. The r. a. profundus is a long band extending between the hyoid 
apparatus and the pelvic girdle. It may be separated into two layers: 
an external one with fibers extending anteromedially, and an internal 
unit with fibers running anterolaterally. The r. a. profundus is an 
integral part of the hyobranchial apparatus anteriorly. The main 
portion sweeps anteriorly dorsal to the lateral projection of the os 
thyrotdeum, while a small slip inserts posteromedially on this bone. 
The main part continues anteriorly to attach to the ventral surface of 
the second ceratobranchial medially, to the posterolateral surface of 
the 'frrst bDasibranchial » and to the Ventral surface of the firse 
ceratobranchial medially. The posterior origin of the r. a. profundus 
is on the ventral surface of the ischio-pubic cartilage and the anterior 
half of the ischium. This is as in hynobiids and other plethodontids. 

The larval rectus abdominis is simple, formed of a single unit 


of muscle fibers extending anteroposteriorly. It is continuous with 
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both the o. e. profundus and the o. tnternus dorsally. The larvae thus 
differ from the adults in the presence of an o. tnternus and only a 


simple rectus abdomints. 


Pseudotriton ruber (Latreille 1802) 


RANGE. Found from New York state, southward to western Florida, and 
then westward along. the Gulf Coast to western Mississippi. From here 
the western limits extend north through Mississippi, along the western 
border of Tennessee and through Kentucky and southern Ohio to include 


most of Pennsylvania (Bishop 1943). 


HABITAT. ''Found in and about clear, cold springs and small streams of 
wooded ravines, swamps, open fields, and meadows. The adults are often 
terrestrial during the summer . . . hiding beneath logs, bark, and 
scones” (Bishop 19435 ,p." sso). “Ihe Tarvalspervod is longs lasting at 
least two years, with adult size almost reached prior to metamorphosis 


(Dunn 1926). The eggs are guarded (Salthe and Mecham 1974), 


FOSSIL RECORD. This species is reported from the Pleistocene of Georgia 


by Holman (1967). 


RELATIONSHIPS. Dunn (1926) believed Pseudotriton to be close to 
Gyrtnophilus, but less primitive. Noble (1931) and Platt (1935) 
suggested that it was involved in the ancestry of Eurycea. As noted by 
Wake (1966), only Gyrinophilus and Pseudotriton lack sexual dimorphism 
among the more terrestrial Euryciini, while these two genera, plus 
Stereochitlus and Typhlotriton, are the only plethodontids retaining the 


presumably primitive condition of vomerine teeth continuous with the 
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palatal tooth patches. Study of the trunk musculature shows these taxa 
to be closely related, but I do not consider it profitable to construct 


detailed generic phylogenies within the Euryciini. 


REMARKS. The genus Pseudotrtton is long-bodied and proportioned as 

its relative Gyrinophilus, but the trunk is somewhat more muscular and 
robust. The limbs are very short, but powerful. The tail is short and 
but slightly compressed laterally. The usual number of costal grooves 
is 16, but counts of 15 and 17 are also common (Bishop 1943, Dunn 1926). 
The vertebrae are small and delicate for the size of the animal and 

are deeply buried by the trunk musculature. The shape and proportions 
of the trunk vertebrae recall Desmognathus, although Pseudotrtton lacks 
the various projections of the former (see Fig. 16). The trunk 
musculature definitely indicates the validity of separate generic 


status for Pseudotriton, as argued by Wake (1966) on other criteria. 


Epaxtal musculature fsee Fig. 66).- The general form of the epaxial 
myomeres is in some respects more Similar to Desmognathus than to that 
of Gyrtnophtlus. The neural arch is correspondingly similar to that of 
Desmognathus, having a low neural crest (lacking in Gyrinophilus) and a 
similarly formed hyperapophysis. Pterygapophyses, subcentral keels, 
and ventral lamellae are, however, lacking in Pseudotriton. The 
anterior flexures are short and relatively narrow, extending only about 
one quarter of the distance over the neural arch of the anterior verte- 
bra of the pair spanned by its myomere. There is very slight overlap 
of the anterior flexures. Almost the full extent of each flexure is 


evident in dorsal view, contrasting to the condition in Gyrtnophilus. 
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The main body of each myomere is massive, extending laterally 
beyond the distal ends of the ribs. Each myomere rises steeply from 
between adjacent ribs. Unlike in Desmognathus, there is no superficial 
layer of muscle fibers extending anteroposteriorly over the main bodies 
of the myomeres. The muscle fibers extend anterolaterally throughout 
the main bodies, extending down almost to the level of the ribs. Deep 
posterior flexures are large, running posteromedially and slightly 
ventrally to insert just in front of the hyperapophysis of the follow- 
ing vertebra. Each myomere thus affects three vertebrae directly. 

In their points of insertion, the, deep posterior flexures of. the 
dorsalts trunct resemble those of Desmognathus more than those of 
Gyrtnophtlus. 

Deep to the myomeres, and obscured by the anterior flexures and 
deep posterior flexures, are found the hyperapophyseal muscles. These 
are each provided with a long, thin septum and are developed as in 


other plethodontids. 


Hypaxtal musculature (see Fig. 66).- A thin median band beneath the 
centra and the intercentral joints are exposed to the peritoneal 
cavity. Well-developed ee re ere are present in the 
anterior region of the trunk. 


As in Gyrtnophilus, there is an obtuse anterior flexure in each 


myomere, the apex being beneath the distal end of the ventral rib-bearer. 


Medially each myomere has a broad, long, and deep posterior flexure 
extending backwards. This flexure is underlapped by muscle fibers of 
the following myomere. In the medial portion, muscle fibers extend 


anteroposteriorly, whereas more laterally beneath the ribs the 
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superficial fibers proceed anteriolaterally. The main body of each 
myomere extends distal to the ends of the ribs for a distance about 
equal to the lengths of the ribs. The main portion of the myomere 
inclines posteroventrally in the first three or four myomeres of the 
trunk. In the remainder of the column they incline anteroventrally. . 
This deflection of the myomeres is similar to Gyrinophilts, whereas in 
Deseo aeuls they descend more or less straight ventrally. The inter- 
costal muscles are posterolaterally oriented, blending with the o. e. 
profundus laterally and ventrally. 

The posterior flexures form a series of cone-in-cone structures 
along the column. Muscle fibers radiate from each flexure to the 
internal septum of its posterior neighbour. Dorsal to each posterior 
flexure, and partially continuous with it, is a wide, relatively short 
septum attaching to each posterior basapophysis. Muscle fibers extend 
posteriorly, posterolaterally, posterodorsally, and posteromedially 
from this septum, forming the posterior pasanooeear eee The 
distinction of basapophyseal muscles is somewhat arbitrary, owing to 
the fact that they partially merge with the posterior flexures ventrally. 

The spinal nerves have the typical plethodontid exits from the 
column and then extend laterally and slightly posteriorly through the 
subvertebralis. They reach the peritoneal surface of the myomeres just 
distal to the ends of the ribs and run over this surface for a short 
distance until they disappear external to the transversus. Between the 
Oo. @. profundus and transversus, each nerve is attached to a myocomma. 
Ventrally, the spinal nerves pass between the transversus and the Wt, 


profundus to disappear within the r. a. superfictalts. 


330 


| yea ROT wT TA: Seas py aon stag ott att 
PRR AI 88 ante world Minit Hedi uh “he ol it wre ba 
ak: geod 82 Ses ay a) Oe: ned teeka ef, aaa ae | 
Ra a: 8 as Card ete’ aa a 
jm nt i diw! en kbrsid chetag bre, vs iwts sahousoaiog exe » 
| ” fh ON see te 

Ret PN Te OI RL -Aikow ° Fo: Cac koe: uP “ago aomimatt x 
seth oak oeran Th net Oe, sdodbar ieee Poa: crm 


Py te cd Rone Wo): Lae -twodldgtoe soksoteby wth * : 


t 


rot ee wadh s/o Loaav i cesepgamtted | akeaneng, dyad a3 
ci Liukwenterny Feo, iit epkwerabee sea ictanineterdaoat ‘ 
OT tid eure » Lager gonna sobeosyog and sues 


1 tiridi ste) Soden ae penne 


a $9, bettie al avian nen, ee 


. ve al «ft ane pen ; i We f 


i 
P ae Ay 


Die VA “Whi ia ie uy 


: i vi Poe Lh 1 ' Laat : 7 
: iv ‘ AT ORR PN Wa Re A . rae 
j) a a) j ; } 7 Ah ty Wiot! ea Be! i ae Dy i 
1 . f ‘ wy 4 : Af ees k yo Pi, Wea ata otam 
oo i 7a ie Vy wee Pola, 7, ‘aot wale 4 par to 2 rf os eed) re 4 4) 


pyeoete ite baie ee ebb, ag oR ee: ‘euro 9c ‘eitetouag, iw 


A il ik 4G i 
E Wire a 


Lateral abdominal musculature (see Fig. 66).- The o. e. superfictalis 
is located externally along the lateral body wall. This layer is 
divided by transverse myocommata and is composed of muscle fibers 
extending posteroventrally at an angle slightly offset from the 
vertical. The o. e. superfictalts is thick and very wide, ics 
between the dorsalts trunet and rectus abdomints, both of which it 
overlaps. The width of this layer contrasts with its narrowness in 
Gyrtnophilus and Desmognathus. 

A rectus lateralis is located deep to the o. e. superfictalts and. 
ventral to the dorsalts trunct. The o. e. profundus is a very thick 
layer, segmented by myocommata, and a direct continuation of the 
subvertebralis. Its fibers run posteroventrally at an angle little 
dispseced trom the horizontal. Ventrally, 1G biends with the: -c. 
superfictalis, except for a slight overlapping by the latter. 

The transversus is the next layer, there being no trace of the o. 
internus. it is relatively thick and extends between the subvertebralts 
dorsally and the yr. a. superfictalts ventrally. Its muscle fibers 
extend anteroventrally. As in hynobiids and the more primitive 
ambystomatids, the transversus of Pseudotrtton is divided by myocommata 
in its dorsal third, but ventrally it is not segmented. The rectus 
abdominis is composed of two units and does not differ significantly 
from that of Gyrtnophilus. 

The various resemblances of Pseudotriton to Desmognathus are 
perhaps to be interpreted as owing to convergence or parallelism. The 
habitat and life style of Pseudotrtton are somewhat similar to those 


of certain species of Desmognathus, although the burrowing adaptations 
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of the skull and associated musculature of the latter are absent. I 
suggest, however, that the resemblances are more significant than 

this. In many ways Pseudotriton is structurally ancestral to the 
desmognathines. If the Desmognathini are indeed the derived ee 
of the Euryciini (i.e. they share a common ancestor) as argued below, 
the resemblances are to be interpreted as owing to parallelism in 


closely related lineages. 


Tribe Desmognathini nov. 


Desmognathus fuscus (Rafinesque 1820) 


RANGE. Found from the St. John's River, New Brunswick, southward to 
central Florida, across the Gulf Coastal Plain to western Texas and 
then northward to southeastern Oklahoma. The northern limits run 

through Arkansas, northern Mississippi, eastern Tennessee, Kentucky, 
and Illinois, and then through Indiana and Ohio to Lake Erie (Bishop 


1943, Conant 1958). 


HABITAT. The larval period is relatively short and is spent in streams, 
although the eggs are laid on land and hatchlings live for 15 or 16 
days on land before entering the water (Noble 1931). Adults are found 
along "'the margins of streams and springs, leaf-filled trickles, 

springy banks where the soil is constantly moist, and often [in] the 
beds of partially dry streams in deep ravines" (Bishop 1943, p. 188). 
They are powerful sane found under logs, rocks and other debris, 
and are primarily, but not exclusively, terrestrial. 

FOSSIL RECORD. Vertebrae referable to Desmognathus species are known 


from the uppermost Pleistocene of Virginia (Guilday 1962). 
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RELATIONSHIPS. Desmognathus has been traditionally considered to be 
a relatively primitive, although divergently specialized, plethodontid, 
with ecological relationships and life history similar to the ancestral 
stock (Dunn 1917, 1926, Wake 1966). D. fuscus can be grouped with 
other members of the genus in the following series: D. quadramaculatus, 
D. montteola, D. fuscus, D. ochrophaeus, and D. wrightt. This series 
(see Dunn 1917, 1926, Organ 1961) shows a trend from completely aquatic 
larvae and highly aquatic adults (D. quadramaculatus) to completely 
terrestrial larvae and adults (D. wrtghtt). 

I argue below that this sequence does not necessarily document 
the development of a higher degree of terrestrialism within the 
Desmognathini, but is perhaps a secondary reversion to aquatic larvae. 
This hypothesis is not necessarily preferable to the traditional one, 
as it too results in certain inconsistencies (see Conclusions). I 
also suggest, less tentatively, that the Desmognathini are not as 
isolated as previously thought, but that they are structurally derivable 
from the Euryciini, with which they share a close sister-group relation- 
ship. 
REMARKS. The trunk is long and robust, the limbs small but active in 
locomotion, and the tail is short and thick, of large diameter behind 
the cloaca and tapering rapidly to a point. There are usually 14 
costal grooves and the trunk is extremely well muscled for a terrestrial, 
non-paedogenic salamander. There is also a high degree of differentia- 
tion within the dorsalis trunct. D. fuscus is capable of moving large 
rocks as it burrows beneath them. Rapid locomotion over land is 


snake-like, the limbs held out of the way against the body. 
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In addition to D. fuscus, specimens of D. monttcola (aquatic 
larvae, adults inhabiting stream banks) and D, ochropaeus (very short 
aquatic larval period, adults found in forest litter away from streams, 
postmetamorphic individuals in stream banks) were available. These 


were all but identical to D. fuscus in terms of the trunk musculature. 


Epaxtal musculature (see Fig. 67).- The dorsalis trunci is a large mass 
dorsal and, especially, lateral to the vertebral column. Anterior 
flexures are short and relatively narrow. A thin superficial layer of 
muscle fibers extends anteroposteriorly over the dorsalts trunect. 
Beneath this layer, in the main bodies of the myomeres, the fibers run 
anteroventrally between myosepta. In the anterior flexures the deeper 
fibers fan forward from each apex. The main body of each myomere rises 
steeply posteriorly from between adjacent ribs. From the posteromedial 
corner of each myomere a large deep posterior flexure tapers backwards. 


This extension inserts on the hyperapophyseal area of the following 
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vertebra and does not differ from the same flexure in other plethodontids. 


Pterygapophyses are developed on the more anterior trunk vertebrae, 
extending posterolaterally from the dorsal surfaces of the posterior 
zygapophyses (see Fig. 16). These provide areas of insertion for 
discrete blocks of muscles originating on the dorsolateral edges of the 
neural arch of the following vertebra. These muscles parallel the 
hyperapophyseal ue laterally, and are here termed pterygapophyseal 
muscles. They presumably function to augment the hyperapophyseal 
muscles, providing two distinct points of insertion on each half of the 


vertebra. 
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This confirms Wake's (1966, p. 41) suggestion that the pteryg- 
apophyses of desmognathines provide "additional attachment sites for 
dorsal spinal muscles." However, his suggestion that these muscles 
would help "raise the skulls of the three genera to open their te 
is unlikely. The mass of musculature inserting on the posterior of 
each vertebra is not increased by the differentiation of the pteryg- 
sposnyeddl muscles, Rather, it is re-arranged. Also, these muscles 
do not pull so as to depress the posterior of the vertebra to which 
they insert (which would thereby raise the anterior of the body), 
but serve to swing the vertebrae from side to side on the pivot 
provided by the opisthocoelous intercentral joint. Finally, the 
pterygapophyses extend posterolaterally, shifting the point at which 
the pull is concentrated away from the midline. This would not be 
efficient if the function of these muscles was to raise the head, It 
is a logical construction to meet demands for lateral movement. There- 
fore, these muscles perhaps serve to increase fine control for lateral 
movement of the head and anterior part of the body in feeding. Presum- 
ably they also assist in burrowing, by moving the head and forelimbs 
from side to side to force a path through the substrate and to move 
rocks out of the way. 

A small but distinct hyperapophyseal muscle is found medial to 
each pterygapophyseal muscle. This muscle is developed as in other 
plethodontids, originating over the lateral half of the neural arch 
of one vertebra and inserting on one of the hyperapophyseal "horns" 


of the next anterior vertebra by means of a septum. 


aaiGehe it ‘not ante roe) | 


‘aot? geeke sna adsense) 


W apie “at Kato neq St BY SR more ae ‘te 


aS 
Hotiw aaurxiorney els, 28 sobrozent ont nn .) ta 


“ ey 
mae tied: 


intel) sok) Kenton ‘eta venom 0 wre preston ay 


of TDs 


\ 


pdt iacct: hees. been ia get soe x ua t 


PSs phy me 


Argan, coh Rae. Ae ree Wadhns. of hance ng H sone a, ote * 


Cerna Sede ae he! bagitte ang? at 42 aedaaat 


“eae, ih ee nagoie vod eh ator ala; ‘soko fase eset 


bing ey eh ont ait Phe grey 4 ays corte ane utr. 
a F a ihe 4 +> 

tee hae vt 5 se 

“age ght 1G Noster DRees ATE ABR lS Ned bauer sa a 


es fs ie 


Hi |. ae 


2, bye ai eat tre Bde Oe finde &, moet vardateey ae qovksea. . , 
sath Lae pov serene ts noi vupoitnaign a she 
‘orty! gba Dale yeas “(2 rahowat ear papsieg: | 
TOF Hrway hay) 4 ee eR det feainde ROT “quae sssen onan. ee 


biel he) oa a opbangay oandd i 7080 ods Ri iat 


hod Ae te) peterad me) er sola ols inn fetes 
0" : 


* 


tee 


4 
ys 


syamenrom Turceged gay ae nee’ : ‘eet ‘oe rot roun dine: 


nme mee basa Hh) Noo ont toidaba 0k 


b 


te oe 
5 ‘ 
i 


(pa Lis BRA: bse’ Pr ah Nea teow 


“ite. tices. rey ‘ba Epil lmeosat. ett) Liane bands e 


cas Apneyagonion atta i ont0 08 ae 
Bek 2 aaa te a0 aig @ hich 


RAG , Dy 
‘ } ' } ies f ; 
me i ae he ae) Ca 
oo cn a8 j ey vA pa 
i Vr4) hy ¥ ‘ Ne ae ye 
{ a! a A Prod ir 
> ry t y ; 
| ‘ A f ny Hl ct 
} way eS eee Vit VVob As bk 


Hypaxtal musculature (see Fig. 67).- The subvertebralis is readily 
derivable from the condition in Pseudotritton or Gyrinophilus. Posterior 
basapophyses are present throughout the trunk, but are usually lacking 
on the first presacral vertebra. On the more anterior vertebrae an 
through T9 or T10) a ventral projection is found just posterior to the 
anterior condyle (see Fig. 16). This serves as an area of attachment 
for muscle fibers in the anterior parts of the column where it is more 
strongly developed. Muscle fibers associated with these projections 
extend anterolaterally in the more forward parts of the trunk and 
Straight anteriorly further back. The ventral projection probably also 
serves to brace the intercentral joint, as it projects forward between 
the posterior basapophyses of the next anterior vertebra. This inter- 
locking is especially developed between the centra of the atlas and 
second cervical and is associated with the areas in which the posterior 
basapophyses and pterygapophyses are most developed. 

Each posterior basapophysis gives rise to a large posterior bas- 
apophyseal muscle, which inserts onto a long, thin septum attaching to 
the posterior basapophysis. From this septum muscle fibers fan posteri- 
orly. Each basapophyseal muscle is surrounded ventrally by a myoseptum 
that separates it from the associated myomere. These covering myosepta 
are underlain by muscle fibers so that a cone-in-cone structure results. 
Lateral to these, the main bodies of the myomeres are very thick. In 
the more anterior myomeres the ventral muscle fibers extend antero- 
laterally. More posteriorly they come to align anteroposteriorly. 
Dorsal to this thick ventral unit, the intercostal fibers tend to be 
aligned strictly anteroposteriorly. 


Spinal nerves exhibit the basic plethodontid pattern. 
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Lateral abdominal musculature (see Fig. 67).- In comparison to other 
non-paedogenic urodeles, the lateral abdominal musculature of D. fuscus 
is very thick. However, it retains the typical structure of other 
adult plethodontids, lacks the o. tnternus, and is not foetalized. 

The relatively thick 0. e. superficialis is segmented by myocommata 
and slightly overlaps the dorsalis trunet and reetus abdominis. The 
fibers of this unit extend dorsoventrally with no posteroventral 
deflection. 

The o. e. profundus is thick and the fibers extend posteroventrally. 
Dorsally a few fibers attach to the distal edge of each rib, .and 
ventrally the o. e. profundus blends with the r. a. superfictalis, 
although it is partially overlapped by a part of the latter. The 
internal transversus is very thick, its fibers running anteroventrally 
at an angle slightly displaced from the vertical. Dorsally, some of 
the muscle fibers attach to the ends of each rib, acting in a manner 
antagonistic to the fibers of the o. e. profundus. The transversus 
is not divided by myocommata and overlaps the r. a. superfictalts 
ventrally. 

Just ventral to the dorsalts trunct and between the two layers of» 
the external oblique is a narrow rectus lateralts. As in the other 
plethodontids dissected, the rectus abdomints is divided into two 


distinct units. 


Leurognathus marmoratus Moore 1899 


RANGE. This monotypic genus “inhabits trout streams in the southern 
Appalachian Mountains from southwestern Virginia to northeastern 


Georgia" (Martof 1962, p. 1). 
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HABITAT. Almost strictly aquatic, it inhabits "the bottoms of cold, 
“oxygen-rich streams. Areas with rough, broken rocks and loose gravel 
are preferred to those with water-worn (rounded) rocks and tightly 
packed sand . . . the largest populations [therefore] occur in the 
medium and smaller sized streams. . . . The vast majority of specimens 
are found in... [shallow] waters.. Rapids and riffles are more 
neAsely occupied than are pools or areas wherein the flow is less 
rapid and deeper. Leurognathus is strongly rheocolous" (Martof 1962, 
p. 7). Eggs are laid in water, and "the female stays with her eggs 
throughout the entire [2% month] period of development" (Martof 1962, 


p18): 
FOSSIL RECORD. None known. 


RELATIONSHIPS. Moore (1899) recognized the close alliance of 
Leurognathus and Desmognathus. The structural and eee ices eat resem- 
blances of the two genera are well documented (Dunn 1917, 1926, 

Hairston 1949, Organ 1961), with Leurognathus interpreted as divergently 
specialized away from the supposed trend towards increased terrestri- 
alism seen within Desmognathus. It is undoubtedly true that 
Leurognathus is derived, but there remains the possibility that the 
fully aquatic febieemtend correlated structures) represent the 
culmination of the trend seen in Desmognathus, rather than a divergence 
from the main line. There are several sorts of evidence in support of 


this contention, which interprets aquatic reproduction in Desmognathus 


as a secondary phenomenon (see Conclusions). 


REMARKS. Leurognathus is extremely similar to Desmognathus 


quadramaculatus, a slightly more terrestrial species, in terms of 
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external features. It is distinguishable by means of relatively minor 
proportional differences, of which the slit-like internal nares are 
perhaps the most diagnostic (Martof 1963). Leurognathus is a rela- 
tively large, heavy-bodied salamander with robust limbs. The tail te 
distinctly compressed and not notably elongate. The skull is flattened, 
as in Desmognathus, but more pointed. Costal grooves vary in number, 
being Sither’13 or*14 (Bishop 1943). 
Leurognathus occupies one end of the aquatic-terrestrial cline 
in the Desmognathini. There are, however, two features seemingly in 
Conri¢ct With 1tsS aquatic existences 
1) retention of the nasolabial groove, supposedly a 
terrestrial adaptation, and 
2) retention of a large, posteriorly free tongue pad.” The 
pad is relatively larger than that of Desmognathus 
juscus, which 1s more’ terrestria:. 
The only reasonable explanation for the retention of a "land" tongue 
with a well-developed pad and long epibranchials would seem to lie in 
the periodic drying of the streams inhabited by Leurognathus. At such 
times, although on an irregular basis, it would be forced into a 
terrestrial existence (Martof 1962). As noted by Darwin (1859) 
periodic times of stress impose very pronounced selection, Martof 
(1962) suggested that this periodic drying could account for the 
retention of the Be neal groove. A second part of the answer is 
probably historical. Derived from terrestrial ancestors (see 
Conclusions) , Leurognathus was equipped with these structures and was 


able to maintain them in order to survive periods of aridity. 
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Except for Eaton (1956), no one has questioned recognition of 
Leurognathus as distinct from Desmognathus. Martof (1962, p. 34) 
justified separation on the basis of "morphological distinctiveness 
and differences in basic adaptive trends." Nevertheless, Leurognathus 
differs structurally from pesdbsnabings in only minor details. LZ. 
marmoratus can be distinguished from the species of Desmognathus, but 
this in itself does not support generic status. The differences are 
largely proportional and/or matched in one or another species of the 
latter genus. Cranial structure, trunk musculature, hyobranchial 
apparatus, and their morphoclines within the Plethodontidae demonstrate 
the derived nature of Leurognathus, and its structural continuity with 
Desmognathus. This leaves the criterion of ''basic adaptive trends" in 
support of generic separation, but only if the trend in Desmognathus 
is truly towards increasing terrestrialism. It is, perhaps, equally 
probable that the aquatic eggs and larvae of Desmognathus are owing 
to secondary reversion (see Conclusions). If so, continued recognition 


of Leurognathus cannot be supported. 


Epaxtal musculature (see Fig. 68).- The structure of the dorsalis 
trunet is all but identical to that of D. fuscus. The myomeres have 

a thin external layer of muscle fibers extending anteroposteriorly. 
Beneath this, in the main bodies of the myomeres, fibers extend antero- 
laeedbycherdli yi Leurognathus differs from D. fuseus in the virtual 
absence of pterygapophyses from the column, these structures occurring 
only in the pectoral region (see also Wake 1966). Correlated with this 
is the lack of pterygapophyseal muscles from the trunk region posterior 
to the pectoral girdle. Hyperapophyseal muscle blocks appear to be 


dorsally confluent with the ventral parts of the anterior flexures. 
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Hypaxtal musculature (see Fig. 68).- The subvertebralis differs to a 
somewhat greater degree from that of D. fuseus than does the dorsalts 
trunet. In both species the basic structure is the same, with the 
posterior basapophyseal muscles covered by a layer of myoseptal tissue, 
but in Leurognathus the covering is not underlain by anteroposterior 
muscle fibers to any degree. Leurognathus also shows the development 
of a small forwardly projecting septum from the front of each myomere 
at the latter's anterior apex. This septum sends fibers anteromedially 
to the paralleling posterior basapophyseal muscle and anterior to the 
next myoseptum., 

Laterally the main bodies of the myomeres are as in D, eieeie! 
except for a slight anterior inclination. The spinal nerves are 
developed as in Desmognathus, but are exposed to the peritoneum for a 
short distance dorsal to the transversus prior to continuing ventrally 


between the latter and the o. e. profundus. 


Lateral abdominal musculature (see Fig. 68).- All layers and their 
basic relationships are as in D, fuscus. The 0. e. superfictalis 
extends somewhat less dorsally in Leurognathus, not overlapping the 
dorsalis trunet. The fibers, however, extend dorsoventrally and are 
connected to a tough dorsal and ventral fascia, which passes over the 
dorsalts trunct and rectus abdominits, as in D. fuscus. The o. e. 
profundus is the same in the two taxa. The transversus is distinctive 
in two respects. Its dorsal attachments reach further medially along 
the anterior faces of the ribs than is the case in D. fuscus. The 
transversus is invaded by myocommata at the dorsal edge, at which points 
the spinal nerves extend external to it. In other features, the 


lateral abdominal musculature is as in D. fuscus. 
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‘vii) Family Salamandridae Gray 1825 
a) Subfamily Salamandrinae Tschudi 1838 


Salamandra salamandra (Linnaeus 1758) 


RANGE. This species is widespread throughout much of Europe, except 
the British Isles and Scandinavia. It barely extends into the USSR, 
and there are populations in the Middle East and northwest Africa 


(Thorn 1968, Steward .1969). 


HABITAT. "The main requirements . . . are shade and moisture. 
Throughout most of its range, it has a predilection for wooded areas, 
particularly in hilly country. The nature of the soil and vegetation 
is of great importance, this species preferring deciduous woods with 
leaf litter, such as beech forests, and . .. avoiding coniferous 
forests on dry soils" (Steward 1969, pp. 49-50). Moderate elevations 
are preferred and the animals are generally nocturnal or crepuscular, 
being about in the day only when there are heavy rains. They are 
terrestrial, the females only entering water when they deposit the 
larvae, which are born alive. The larvae are of the typical pond type 
with broad tail fins, prominent limbs, and large gills (see Steward 
1969). In the other species of the genus, S. atra, the young are born 


alive as terrestrial miniatures of the adult. 


FOSSIL RECORD. The genus has an extensive time range. Estes et al. 
(1967) tentatively referred trunk vertebrae, caudal vertebrae, and 
humeri to Salamandra species from Paleocene deposits in France. From 
the published figures, the specimens appear to show resemblances to 
Pleurodeles also. Salamandra is known additionally from the Oligocene, 


Miocene and Pleistocene of Europe, with the following named species: 
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S. brotlit Schlosser 1922 (middle Oligocene to middle Miocene, 
Germany); S. sansantensts Lartet 1839 (wide distribution in the 
Oligocene and Miocene of Europe, see Estes and Hoffstetter 1976); 

S. goussardtana Lartet 1839 (Miocene, France); S. laticeps von Meyer 
1960 (Miocene, Czechoslovakia, referred to Tylototriton by Noble 
[1928], but this revision was rejected by Herre [1935b]); S. mtmula 
Brunner 1957, S. perversa Brunner 1957, and S. pottensteitnta Brunner 
E356 (Pleistocene, central Europe). ..It is probable that),certainvof 
these taxa could be synonymized. 

In addition to these species, there have been various fossil 
genera named that are either synonymous with Salamandra or closely 
allied. Praesalamandra Brunner 1957 and Palaeosalamandra Herre 1949, 
from the German Pleistocene and middle Miocene respectively, are all 
but certainly Salamandra. Megalotriton Zittel 1888, from the Oligocene 
and Miocene of Europe, is also very close to Salamandra. Herre (1949) 
considered that it participated in a structural series as follows: 
Megalotriton - Salamandra brotvltt - Ghilatereiae salamandra. Votgttella 
Herre 1949, from the Miocene of Germany, was placed in a separate sub- 
family in the Salamandridae by Brame (1967). However, the figured 
vertebra (Herre 1949, fig. 4) shows resemblances to Salamandra in some 
respects, and in his original descriptions Herre (1949) explicitly 
claimed it to be a highly developed member of the Salamandra group. 
Dehmtella Herre and ee (1950), from what can be gained from the 
descriptions and figured material, also seems to show affinities to 


Salamandra. Estes (1970) states that it is an "immature" Salamandra. 
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It is probable that at least some of these genera should be 
synonymized with Salamandra. Pending much needed work, it can be said 
that the genus Salanandra and its relatives are at least as old as the 


Paleocene. 


RELATIONSHIPS. Bolkay (1928) considered Salamandra to be a primitive 
Salamandrid, deriving it from an Ambystoma-like ancestor. He recog- 
nized Salamandra and Chioglossa to be closely related and distinct from 
the other salamandrids. By contrast, Dunn (1922) and Noble (1931) 
believed the newts to be more primitive, citing the frontosquamosal 
arch, high neural spines, long ribs, and long maxillae as primitive 
characters. Noble (1931) stated that Salamandra was derived in lacking 
the obliquus tnternus and in having a divided rectus abdomints. 

It is evident that the characters presumed to be primitive for the 
Salamandridae by Dunn and Noble are, in fact, highly derived. This 
follows from ex-group comparisons, study of larval characters, morpho- 
cline polarities, and the criterion of parsimony (see Conclusions). 
Studies of the trunk musculature ase re-interpretation of 
Noble's (1931) conclusions as to the nature of the lateral abdominal 
musculature of Salanandra. The more primitive adult salamanders lack 
the o. internus and have a double rectus abdominis (compare hynobiids, 
ambystomatids, and plethodontids), whereas larval urodeles have a 
simple rectus abdominis and an o. tnternus. In this regard, as in 
many others, Salamandra is more primitive than the newts, as ddfenpreted 
by Bolkay (1928), Herre (1935b), and von Wahlert (1953). 

Wake and Ozeti (1969) claimed that Tylototriton and Pleurodeles 


are the most primitive salamandrids, with Salamandra being a more 
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derived offshoot. As is argued below, this interpretation cannot be 
accepted. The evidence from the trunk musculature and from the cranium 
indicate conclusively that Salamandra is the most primitive living 
salamandrid, although Tylototriton and its allies are closely related. 
The similarity of various of the early Tertiary fossils to both 
Salanandra and Pleurodeles may document this relationship. 

Wake and Ozeti (1969) also grouped Salamandrina with Salamandra 
and Chtoglossa. Resemblance of Salamandrina to the other two genera 
is, nevertheless, exceedingly slight and owing only to convergence of 
the hyobranchial apparatus. As noted by Noble (1931, p. 475) and 
others, Salanandra "is merely a European newt lacking the fifth toe." 
It is most closely related to Pleurodeles and Tylototriton (see below). 

More specifically; Estes and Hoffstetter (1976, p.. 297); note, that 
Salamandra sansantensits "was widely distributed in Europe during the 
Oligocene and Miocene; its area of distribution was fragmented by 
Pleistocene glaciations, and its abundant populations seem to have 


given rise to the living S. salamandra and S. atra. 


REMARKS. S. salamandra has a stout, robust body with 10 or 11 costal 
grooves. The limbs are relatively powerful and the tail short and 
cylindrical. It has a relatively greater mass of trunk musculature 
than the newts (subfamily Pleurodelinae) and a weakly developed 
opisthocoely. Young postmetamorphic individuals retain a fully amphi- 
coelous condition. In addition to adult S. salamandra terrestris, 
very small individuals of S. atra were dissected, and found to have 
trunk musculature identical to that of the other species. Both 


species have a double row of poison glands running middorsally along 
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the back and tail (see Fig. 70). These glands are sunk into the 


dorsalis trunct, causing alteration of the anterior flexures. 


Epaxtal musculature (see Figs. 69 and 70).- The dorsalis trunct differs 
Significantly from that of salamanders of other families, but it is 
also different from that of the newts (although Pleurodeles shows some 
resemblance) , notably as regards the greater Revetoenene of the 
anterior flexures. Middorsally the paired poison glands are recessed 
into the epaxial musculature, causing a unique displacement of the 
myomeres, which are depressed along parallel lines between the apices 
er thervanterior tlexurés.* Thre’ tips “of *the plate-like y sli ohtly 
bifurcate hyperapophyses are not covered by musculature owing to the 
presence of these glands. The displacement of the myomeres is not 
figured. 

The anterior flexures do not meet along the median, but are 
shifted laterally to expose the paired hyperapophyseal muscles medially. 
The septum supporting each of these latter muscles appears as a 
posterior continuation of the medial septum of the next forward 
anterior flexure. In contrast to the situation in plethodontids, the 
septa of the hyperapophyseal muscles are oriented vertically. 

Anterior flexures are markedly elongate, broad, and shallow, extending 
far forward over their anterior serial homologues. At the apices 
short septa project forward into the musculature of the next flexure. 
The situation of the anterior flexures and hyperapophyseal muscles is 
not likely primitive for the Salamandridae, but owing to modification 


because of the poison glands. 
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The main bodies of the myomeres are small, rising relatively 
steeply from between the ribs. Each myomere extends laterally only 
to the end of the bony portions of the ribs. The cartilaginous tips 
of the ribs proceed lateroventrally beneath the o. e. superftctalis 
into the rectus lateralis. Salamandra also differs from the families 
described above in lacking deep posterior flexures throughout the 


column. 


Hypaxtal musculature (see Fig. 69).- The subvertebralts is basically 
Similar to that found in the Plethodontidae. In superficial ventral 
view the myomeres appear as simple blocks, each extending between two 
vertebrae. When the thin ventral layer of fibers is removed, the 
plethodontid-like posterior flexures are evident. A septum extends 
posteromedially from each ventral rib-bearer to the lateral border of 
the posterior cotyle of the same vertebra. This forms the posterior 
Wali=Or the posterior flexure. from che rear parece ne each flexure 
an elongate, broad septum extends back to the level of the transverse 
process of the following vertebra. This septum gives rise to muscle 
fibers that; fan posteriorly) into, the: nextsposterior flexurespaEstes 
et al. (1967) note the presence of small (undoubtedly posterior) bas- 
apophyses on some skeletons of Sala@nandra. In view of the positional 
relationships and uniqueness of the posterior flexure, it is all but 
certain that this system is phylogenetically homologous to that of 
the plethodontids, representing a shared-derived character. 

The ventral surfaces of the centra are not underlain by muscle 
fibers, this area being occupied by adipose tissue. Next to the centra 


the ventralmost muscle fibers align anteroposteriorly. Moving laterally, 
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the fibers come progressively to extend anterolaterally. Eventually 
these fibers form the transversus, with no discernible break between 
it and the subvertebralts. The phylogenetic origins of this seemingly 
unique system are uncertain. Dorsal to the thin ventral layer the 
intercostal muscles extend anteroposteriorly. This group proceeds 
laterally slightly beyond and below the ends of the ribs to form the 
rectus lateralis. 


The spinal nerves exit intravertebrally throughout the colum, 


extending laterally and somewhat posteriorly through the subvertebralts. 


to an area just distal to the transverse processes. From ners the 
nerves are applied against the ventral surface of the subvertebralis. 
The nerves extend ventrally along the peritoneal surface of the 
transversus, along the lines of the myocommata. About midway along 
the transversus, each nerve extends through the latter unit to run 


between it and the obliquus externus. 


Lateral abdomtnal musculature (see Fig. 69).- The musculature of the 
lateral and ventral body walls differs significantly from that of 
plethodontids, but resembles that of hynobiids in some respects. The 
body wall is relatively thin and very simple in its gross anatomy. 
Externally, a wide obltquus externus extends between the pelvic and 
pectoral girdles. This band is divided vertically by myocommata, 
which are ventral continuations of theres forming the epaxial and 
subvertebral myomeres. The o. externus overlaps the dorsalts conic 
above and the rectus abdomints below. The muscle fibers extend 
posteroventrally. Dorsally, in the anterior portion of each segment, 


several muscle fibers are loosely attached to the external surface 
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of the cartilaginous tip of a rib. The obliquus externus of Salanandra 
is probably homologous to the o. e. superfictialts of other urodeles, 
the o. e. profundus being absent. 

Deep to the o. e. superfictalts, just below the epaxial muscula- 
ture, is a thin rectus lateralis. This is composed of fibers extending 
anteroposteriorly between the cartilaginous tips of the ribs and is a 
direct continuation of the subvertebralts. It extends ventral to the 
ribs for a short distance, and in this area is perhaps the remains of 
the o. e. profundus. As in plethodontids, the more primitive 
ambystomatids, and most hynobiids, the o. tnternus is absent, the 
transversus being directly applied against the o. e. superfictalts. 

The transversus is segmented in its dorsal half, the remainder being 
undivided. The fibers extend anteroventrally, extending just over the 
boundary between the two portions of the rectus abdomints. Dorsally 
the transversus is continuous with the subvertebralts. 

The rectus abdomints is indistinctly divided into two parts. Both 
of these are thin and composed of fibers running anteroposteriorly 
between adjacent myocommata. The more medial r. a. superfictalts forms 
the ventral musculature of the belly. It is not covered by any other 
layers of musculature, except laterally where it is slightly overlapped 
by the ventral edges of the o. e. superfictalis (externally) and the 
transversus (internally). The r. a. profundus is somewhat thicker than 
the other part of the rectus abdominis. It is located between the 
transversus and the o. e. superftctalts, and lateral to the r. a. 
superfictalts. It differs markedly from that of plethodontids and some 


Pleurodelini in being a simple layer firmly attached to the r. a. 
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superfictalts. According to Bottcher (1883), Chtoglossa Bocage 1864 
has a free r. a. profundus. Tylototriton and Salamandrina (see below), 
as well as some hynobiids and plethodontids, also have this free 
portion of the rectus abdomints, It is likely, therefore, that the 


condition in Salamandra is secondary. 


b) Subfamily Pleurodelinae nov. 
Tribe Pleurodelini Bonaparte 1838 


Pleurodeles waltlt Michahelles 1830 


RANGE. Found "throughout the southern and western parts of the 
Iberian Peninsula," and also in northwestern Morocco (Steward 1969, 
p. 80). A second species, Pleurodeles potreti (Gervais 1835), is 
found scattered along the Mediterranean coast of Tunisia and Algeria 


(Thorn 1968). 


HABITAT. Although fully capable of coming onto land, this species 

is almost completely aquatic, being found in ponds, swamps, and other 
sorts of standing water. Estivation in the mud of temporarily dry 
ponds is common. It is relatively sluggish, moving along the bottom 
amongst plentiful aquatic vegetation to capture food. Moving prey, 
including large invertebrates and the larvae of other amphibians, is 


taken (Thorn 1968, Steward 1969). 


FOSSIL RECORD. No fossil material has been assigned to Pleurodeles, 
but Herre (1941) named and described Palaeopleurodeles haufft from 
the upper Miocene of Germany, which may prove to be a member of the 


extant genus. Other Pleurodeles-like fossils are discussed under 


Tylototriton. 
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RELATIONSHIPS. Bolkay (1928) derived Pleurodeles from a common 

ancestor shared with the other newts, placing it closest to Salamandrina 
and Triturus. He considered it to be derived with respect to Salamandra 
and Chtoglossa. Noble (1931) believed Pleurodeles to have fee ceded 
from a Tylototriton-like ancestor and to be otherwise most closely 
related to Trtturus and Euproctus. 

Herre (1935b) thought this genus to have been derived from a 
common ancestor shared with Tylototriton and Salanandrina. These three 
genera were believed to be closely related to Salamandra and Chtoglossa. 
Thorn (1968) agreed, but indicated that Pleurodeles was most closely 
related to Tylototrtton. On the basis of courtship data, Salthe (1967) 
informally grouped Pleurodeles with Tylototriton, Salamandra, and 
Chtoglossa, all of which have the male capturing the female from below. 
Wake and Ozeti (1969) claimed Pleurodeles was a primitive salamandrid, 
derived from the basal stock just after the divergence of Tylototriton 
and prior to the split of Salamandra, Chioglossa, and Salamandrina. 

My studies are in close agreement with Herre (1935b) and partially 
controvert the phylogenetic theory of Wake and Ozeti (1969). 
Pleurodetes, Tylototriton, and Salamandrtna are to be classified in a 
subfamily Pleurodelinae, along with the other newts, and a tribe 
Pleurodelini, contrasted to the tribe Triturini. The Pleurodelini 
include the most primitive newts, which are derived with respect to 
Salamandra and Chtoglossa. | 
REMARKS. These are very large newts, growing to as much as 16 inches 


total length. The trunk is robust, with 13 or 14 myomeres between the 


pelvic and pectoral girdles. The limbs are powerful and large, 
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especially the forelimbs, which have an important function in breeding 
(see Thorn 1968, Salthe 1967). There is extensive calcification of the 
ypsiloid process, ischio-pubic cartilage, and supra-scapular and 
procoracoid cartilages. The skull is flat and wide, especially 
posteriorly. Well-developed frontosquamosal arches are present, 
although one specimen available to me has a ligamentous arch on the 
right side. A large muscle extends between the external surface of 
the scapula and the rear of the cranium in a dorsolateral direction. 
This presumably relates to the presence of the body arch and is found 
in most other newts. The posterior dentigerous projections of the 
vomers are short and widely separated posteriorly. The nasals are 


separated by the double premaxillae. 


Epaxtal musculature (see Fig. 71).- The dorsalis trunet is thick and 
extends laterally almost to the tips of the ribs. Excepting the most 
posterior three or four pairs of ribs, which are covered by. the 
epaxial myomeres, the ribs are sharply pointed at their tips. These 
lie free between the trunk musculature and the skin. When handled 
roughly, the points pierce the skin, functioning to discourage 
predation (Steward 1969). 

The myomeres incline posteriorly at a steep angle. Anterior 
flexures are broad and rounded anteriorly. A long, tough septum extends 
forward from the apex of each flexure and muscle fibers fan forward 
from this, forming the body of the next anterior flexure. The anterior 
flexures are very similar to those of Salanandra, but are shorter and 
do not expose the hyperapophyseal muscles. The flexures meet medially 


to cover the neural crests and aliform processes. Each aliform process 
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gives rise to a pair of hyperapophyseal muscles, which are developed 

as in the newts described below. The septa are more or less horizontal 
and muscle fibers extend posteriorly from them to originate on the 
Sides of the neural crests and roofs of the neural arches. In the 
main bodies of the myomeres the muscle fibers extend anteriorly and 


Slightly ventrally. 


Hypaxtal musculature (see Fig. 71).- The subvertebralts is composed 
of two ill-defined layers. The more ventral layer has fibers that 
extend posterolaterally between the ribs and is continuous with the 

Oo. @. profundus laterally and ventrally. The more dorsal intercostal 
fibers extend anteroposteriorly and are continuous with the rectus 
lateralis. Medially, between the transverse processes of adjacent 
vertebrae, the fibers of the two units blend together, proceeding 
anteroposteriorly. The subvertebralts does not extend right up to 

the centra, but leaves a small area next to each intercentral joint 
that is filled with connective tissue and adipose tissue. As in other 
newts, the transversus extends ventral to the subvertebralts to insert 
on the ventrolateral edges of the centra. 

Spinal nerves exit intravertebrally and extend laterally ventral 
to the subvertebralts. At the level of the distal ends of the trans- 
verse processes the nerves pass through the transversus to lie against 
the peritoneum. This position is retained to well beyond the tips of 
the ribs. 

Lateral abdominal musculature (see Fig. 71).- The lateral abdominal 


musculature is thick, but composed of only three layers. Theo. e. 


superfictalis differs from that of most other newts in that it does 
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not originate on the ribs, but along each myoseptum just below the 
ribs, thus freeing the latter for their anti-predator function. The 
fibers of the o. e. superfictalts extend posteroventrally to slightly 
overlap the rectus abdominis. There are no segmenting myocommata in 
this unit. 

The rectus lateralis is not associated with the ribs, but its 
fibers extend anteroposteriorly between adjacent myosepta. It blends 
ventrally with the more superficial fibers of the o. é. profundus. 
The fibers of the latter extend posteroventrally at a lesser angle 
than those of the o. e. superfictalts. Ventrally the o. e. profundus 
is overlapped externally by a flap from the simple rectus abdomtinis, 
the muscle fibers of which run anteroposteriorly. The fibers of the 
rectus abdomints and o. e. profundus merge imperceptibly. 

As in other newts, the transversus originates along the lateral 
edges of the centra. There are few gaps in the intercentral areas 
and those that are present are very narrow. This is presumably an 
aquatic adaptation (see description of neotenic Notophthalmus) , 
as more terrestrial newts tend to have intercentral gaps in the 
transversus. The fibers of this unit proceed anterolaterally beneath 


_ the subvertebralts and then anteroventrally to insert along the rectus 


abdomints. 


Tylototriton andersont Boulenger 1892 


RANGE. This species is found on the Ryukyu Islands (Okinawa, Amami, 
and Tokuno) south of Japan. The other five recognized species are from 
restricted areas on the mainland of China and into Tibet and southeast 


Asia (Thorn 1968). 
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HABITAT. Neither the species nor the genus are well known ecologically. 
T. andersont is terrestrial, being found in the humid, shaded areas of 
dense vegetation in mountain forests. T. chtuhatensts is terrestrial 
during the cold season and aquatic during the warm. JZ. verrucosus is 
found in shaded, humid areas under rocks and plant debris, although 
Anderson (1871) collected adults in flooded rice fields. The remaining 
Species are said to bé-terrestrial ‘(see Liu-1950,° Thorn 1968), but 
little else is known. Breeding behavior in 7. verrucosus occurs in 
water as in Pleurodeles and the pond-type larvae develop in still water 


(Thorn 1968). 


FOSSIL RECORD. The genus is recognized from the Eocene and Miocene of 
Europe: 7. primigentus Noble 1928 (upper Miocene, Switzerland); Tf. 
kosswtgt Herre 1949 (Miocene, Germany); and 7. wetgeltt Herre 1935b 
(middle Eocene, Germany). Noble (1928) suggested that Salamandra 
laticeps von Meyer 1960, from the Miocene of Czechoslovakia, was a 
young Tylototriton. Although Brame (1967) lists without comment this 
species as Tylototriton lattceps, Herrei1(i935b,/ 1950) explicitly 
rejected Noble's suggestion and considered it a member of the genus 
Salamandra. 

According to Herre (1935a,b), Polysemia ogygta (Goldfuss) from the 
Miocene of Germany is closely related to Tylototriton, as is the lower 
Miocene Heltarchon furctllatus von Meyer from Czechoslovakia. Kuhn 
(1962) considered the latter species to be also related to Chelotriton 
Pomel. Herre (1949) suggested the following structural series as 
reflective of phylogeny: Pleurodeles and Palaeopleurodeles - Gripptella 


Herre - Tischlertella Herre - Chelotrtton and Tylototrtton. He noted 
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the close resemblance of Chelotriton to Tylototriton and claimed that 
Grtpptella and Tischlertella were intermediate between the living 
Tylototrtton and Pleurodeles. 

As the fossil genera Polysemta, Heltarchon, Grtpptella, . 
Tischlertella, and Chelotriton all show varying degress of similarity 
to Tylototriton, there is certainly the need for synonymizing many of 
these names. Study of these taxa is urgently needed and would provide 
valuable phylogenetic information. Estes and Hoffstetter (1976) have 
described additional material of Chelotriton paradoxus Pomel 1853 
from the Miocene of France and note that the name Chelotriton has 


priority over Tylototrtton. 


RELATIONSHIPS. Tylototrtton is most closely related to Pleurodeles and 


Salamandrina (see discussion under Pleurodeles). 


REMARKS. Salamanders of the genus Tylototrtton are large, robust newts 
with wide, flattened skulls. JT. andersont (the alligator newt) and Z. 
verrucosus are heavily built with well-developed costal tubercles and 
broad, flat heads. By contrast, 7. taltangensts and T. kwetchowensis 
are more Pleurodeles-like, with less widened skulls, costal tubercles 
and middorsal crests weakly developed, and long, laterally compressed, 
and high tails (see Liu 1950, Thorn 1968). These features probably 
reflect a more aquatic way of life in the latter two species. 

T. andersont, of which only a single poorly preserved specimen was 
available, is remarkable for the development of tuberosities in the 
skin and spines extending from many of the bones. From the postero- 
lateral corner of each quadrate a small, sharp spine curves abruptly to 


extend anteriorly. This spine is covered by a thick tubercle of skin. 
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The cranium is robust, markedly flattened, and greatly widened posteri- 
only, being spade-shaped in dorsal view. The quadrates are produced 
anteriorly to articulate with the posteriorly elongate pars factalts. of 
each maxilla. The pars palatina of the maxilla is very wide and, 
posteriorly, extends medially to meet the pterygoid. 

The frontosquamosal arch is well developed, its dorsal pureace 
extensively sculptured with pits and ridges. A distinct middorsal crest 
extends posteriorly from the skull, down the trunk and along the tail. 
This is formed by the dorsally extended neural crests of the vertebrae, 
which are each provided with a narrow, pitted dorsal plate. The trunk 
vertebrae between the girdles bear ribs that have sharp distal tips. 

In addition, an auxiliary spine is present more medially on these ribs. 
The ends of the ribs and the auxiliary spines are free of muscle fibers, 
but lie beneath raised and thickened tuberosities of skin. Although 
the tubercles are very tough, it may be that the spines puncture the 
skin when the newt is grasped by a predator, as in Pleurodeles. 

There is marked differentiation of the ribs along the column. 
Those behind the atlas are modified in association with the scapulo- 
coracoids and pene ieved musculature. Those of the midtrunk are 
elongate, whereas the presacral ribs are much shortened, producing a 
distinct "lumbar" region. The trunk is dorsoventrally flattened and 
wide. Owing to the poor preservation of the available specimen, no 
attempt has been made to figure the musculature and descriptions are 


tentative. 


Epaxtal musculature.- In so far as it can be interpreted, the dorsalts 


trunct is extremely similar to that of Salamandrina. It differs 
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primarily in that the dorsal surfaces of the ribs are largely free of 
muscle fibers. As noted by Riese (1891), the vertebrae of Salamandrina 
are very like those of Tylototriton, a similarity reflected in the 


structure of the dorsalis trunct. 


Hypaxtal musculature.- The subvertebralts also resembles that of 
Salamandrina, being composed of only a single unit of muscle fibers in 
each intervertebral segment. The fibers extend anteroposteriorly 
between adjacent transverse processes and posterolaterally between the 
ribs. Tylototriton lacks robust ventral lamellae and muscle fibers do 
not underlie the ribs (contrast Salanandrina). Spinal nerves exit 


intravertebrally and proceed laterally and ventrally as in Salamandrtna. 


Lateral abdominal musculature.- Tylototriton has only the obltquus 
externus and transversus forming the lateral body wall, and neither of 
these is divided by myocommata (compare Salamandra). The transversus 
is formed as in Salamandrina, but the obliquus externus differs in 
lacking the confluence with the intercostal musculature dorsally. As 
in Salamandrina there is a free r. a. profundus. This is somewhat 
unexpected, in that Tylototrtton supposedly has a iu anteree nated (see 
Wake and Ozeti 1969). This would seem to provide this newt with two 
mutually exclusive structures. However, the available information 
indicates that Tylototriton is quite terrestrial and it may well be 
that the tongue is considerably freer and more protrusable than has 
been recognized. 

In total, the structure of the cranium, of the vertebral column, 
and of the trunk musculature provide convincing evidence of very close 


relationship between Tylototriton and Salamandrina. Any similarities 
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between the hyobranchial apparatus of Salamandrina and the salaman- 

drines (and these are relatively slight) are owing to convergence. This 
is in agreement with the findings of earlier workers (Bolkay 1928, Herre 
1935c) and necessitates rejection of part of the phylogenetic ar eineede 


of Wake and Ozeti (1969). 


Salamandrtna terdigitata (Lacépéde 1788) 


RANGE. This monotypic genus has a limited distribution, being "confined 
to the mountain slopes along the west side of the Apennines [in Italy]" 


(Steward 1969, p...83). 


HABITAT. ‘this is a terrestrial newt, found in "wooded areas, where 

it lives in the damp leaf litter under the trees, and normally remains 
near small [clear] streams'' (Steward 1969, p. 83). Mating occurs on 
land, the female then laying eggs in small clusters attached to stones 
or plant debris in slow-moving streams. The lungs are extremely 
reduced, and the tongue (modified from the newt-type) is adapted for 


protrusion from the mouth (see Thorn 1968, Steward 1969). 


FOSSIL RECORD. There is no record for this genus, but Palaeosalamandrina 
dehmi Herre 1949, from the Miocene of Germany, is known from vertebrae 
that are very like those of Salamandrina. It is likely that this 


species should properly be classified as Salamandrina dehmt. 


RELATIONSHIPS. Bolkay (1928) thought this genus to be related to the 
newts (i.e., salamandrids exclusive of Salamandra and Chtoglossa). 
Herre (1935b) believed Salamandrina, Pleurodeles, and Tylototrtton 
to be derived from a common ancestor. In contrast to all previous 


workers, Wake and Ozeti (1969) allied Salamandrina with the 
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‘Salamandrines. As shown elsewhere, this interpretation is not 
supported by the available evidence. As Thorn (1968) indicated, 
Salamandrina is related to Pleurodeles and Tylototriton. These three 
genera, which I classify together in the Pleurodelini, form a group 


that is derived with respect to Salamandra and Chtoglossa. 


REMARKS. These are small, relatively robust newts maith long tails. 

The sacrum is T14, although the ribs of the first presacral and first 
caudosacral vertebrae are closely associated with it. The ribs of the 
midtrunk region are long and heavy, tapering distally to a point. 

There is some differentiation of the ribs in the trunk. They are short 
in the area of the limb girdles and progressively lengthen from either 
end towards the middle of the trunk (see Wiedersheim 1875 for excellent 
figures and description). The cranium has a fully developed bony 
frontosquamosal arch and is otherwise also of the newt pattern. The 
orbits are greatly enlarged. As in Tylototriton and Pleurodeles, the 
premaxillary bones are paired. The tongue is protrusible, the adults 


feeding on small insects. 


Epaxtal musculature (see Fig. 72).- The dorsalis trunct bears little 
resemblance to that of Salamandra, but is very like that of Tylototrtton. 
The myomeres are not raised above the level of the ribs, and barely 
cover them. Thus, the posterior inclination of the myomeres seen in 
most other salamanders is lost. The dorsal plate on the neural crest 
of each vertebra is above the level of the dorsalis trunct and the 
neural crests are little raised above the neural arches. 

The superficial layer of the dorsalis trunct is formed of fibers 


extending anteroposteriorly. Anterior flexures are greatly reduced in 
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comparison to other newts, although similar to those of Tylototrtton, 
and each is provided with a short, anteriorly directed septum. These 
septa receive muscle fibers from the hyperapophyseal septa of the 
aliform processes. The myomeres of the epaxial complex extend to the 
distalstips of the) ribs. 

Next to the neural crests and beneath the superficial fibers are 
located the hyperapophyseal muscles. These are developed as in other 
newts. Each consists of a septum extending posteriorly from one edge 
of the aliform process in the vertical plane. Fibers extend posteri- 
orly between this septum and the neural crest of the next posterior 
vertebra. In other newts the fibers in this area tend to proceed 
posteromedially. From the lateral surface of each septum fibers extend 


2 


posterolaterally to the forward septum from the anterior flexure. 


cures musculature (see Fig. 72).- As in other pleurodelines, the 
subvertebraits is underlain by the transversus. The hypaxial myomeres 
are very thin. Muscle fibers run posterolaterally between the ventral 
lamellae, which are not underlain by fibers of the subvertebralts. 
Between adjacent ribs fibers extend posterolaterally. The ribs are 
only underlain by subvertebral fibers for their distal halves. The 
intercostal fibers have only a single orientation. 

The spinal nerves exit intravertebrally, extending through the 
subvertebralis and then the transversus to the peritoneal surface at 
the level of the ends of the rib-bearers. The nerves proceed along the 
peritoneum to beyond the ends of the ribs, at which point they are 


external to the transversus. 
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Lateral abdominal musculature (see Fig. 72).- The lateral abdominal 
Musculature is simplified in comparison to that of most other newts, 
but is essentially similar to that of Tylototriton and Trtturus 
helvetitcus. The transversus extends medially to insert along the 
lateral edges of the centra. In the anterior part of the column it 
arises along the entire lengths of the centra, as well as inter- 
centrally. In the posterior half of the column there are small inter- 
central gaps in the transversus. Myocommata are absent. The trans- 
versus underlaps the r. a. superftctalis ventromedially. 

Only a single layer of the obltquus externus is present and this 
is not divided by myocommata. Its fibers extend posteroventrally to 
Overlap the r. a. superftctalts. Dorsally the o. externus is 
continuous with the intercostal musculature, probably indicating its 
homology with the o. e. profundus of other salamanders. There is no 
trace of a rectus lateralts or o. tnternus. 

The rectus abdominis is composed of two units as in Tylototriton, 
the more primitive hynobiids and ambystomatids, and most plethodontids. 
The r. a. superficialts is a simple band of anteroposteriorly directed 
muscle fibers, which are separated by myocommata. Dorsolaterally each 
half of the r. a. superfictalts is inserted between the ventral edges 
of the o. externus and transversus. It slightly overlaps the r. a. 
profundus, which is covered internally by the transversus and externally 
by the o. externus. The r. a. profundus is relatively narrow, seg- 
mented by myocommata, and composed of muscle fibers that are slightly 
twisted, It originates on the pelvic girdle and extends anteriorly to 


insert onto the hyobranchial apparatus. It is free within the lateral 
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abdominal musculature and functions as the retractor of the tongue 
during feeding. The ry. a. profundus is thus developed as in the 


Plethodontidae (q.v.) and performs the same functions in both groups. 


Tribe Triturini nov. 


Notophthalmus virtdescens (Rafinesque 1820) 


RANGE. "The species is-.found in... the Maritime Provinces and 
southern Quebec and . . . Ontario, and the eastern United States west 
to Minnesota, eastern Iowa, extreme eastern Kansas, eastern Oklahoma, 


and south-central Texas'' (Mecham 1967, p. 53.1). 


HABITAT. The larvae and usually the mature adults are aquatic, found 
in "ponds and pools . . . with abundant submerged vegetation, and in 
swamps and quiet pools of small streams" (Mecham 1967, p. 53.1). 
After metamorphosis, the animal goes through a completely terrestrial 
red eft stage, returning to water several years later when sexually 
mature. Also, however, adults are sometimes found in terrestrial 
situations and neoteny is common (see Gage 1891, Noble 1926, 1929, 


Healy T9747.71975)". 


FOSSIL RECORD. In addition to a Pleistocene record from Florida 
(Holman 1962) of Notophthalmus vtridescens, three exclusively fossil 
species of the genus are recognized. W. slaughtert comes from the 
Miocene of Texas (Holman 1966), W. robustus is known from the Miocene 
of Florida (Estes 1963), and W. crassus comes from the Miocene of 


South Dakota (Tihen 1974). 


RELATIONSHIPS. Bolkay (1928) united the North American newts in one 


genus, Diemictylus, believing them to be related to the Asian newts. 
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Noble (1931) considered WNotophthalmus to be most closely related to 
the European Triturus, but that Tarteha originated from an Asiatic 
Species. Herre (1935b) also thought Notophthalmus to be derived from 
Triturus, suggesting that the fossil salamander Oligosemia represented 
a stock ancestral to the North American genus. He considered Yartcha 
to be more primitive, having given rise to the 7riturus complex of 
pegs Steiner (1950) postulated separate origins for the North 
American genera, in a manner Similar to that of Noble (1931), sug- 
gesting that Tarztcha was most closely related to Pleurodeles and 
entered North America via Asia, whereas Notophthalmus originated from 
Triturus. Wake and Ozeti (1969) would derive the North American genera 
from a common ancestor that is in turn related to Triturus. 

The trunk musculature of Wotophthalmus is somewhat similar to 
that of Triturus vulgarts and T. crtstatus, but even more like that of 
the Asian Cynops and Paramesotriton. There is also resemblance to these 
latter genera in the presence of high neural crests with laterally 
expanded dorsal plates. Tartcha bears no special resemblance in the 
trunk musculature to the Asian newts or Wotophthalmus. Nevertheless, 
in some respects the Miocene Taricha mtocenica is intermediate between 
the two genera of North American newts (Tihen 1974) and the courtship 
patterns of the two are the same (Salthe 1967). The exact relation- 
ships of the two North American genera to each other as well as to 
other salamandrids are uncertain. There is little question that they 
belong in the Triturini, and there is some evidence of close relation- 
ship between the two (courtship behavior seems especially important, 
see Salthe 1967). I include the two in the Notophthalmus generic 


group, considered to be closest to the Cynops group (see Conclusions). 
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REMARKS. Of the four named subspecies of WN. virtdescens the following 
were available for study: WW. vtrtdescens viridescens, N. vtridescens 
dorsalts, and N. viridescens louistantensts. Notophthalmus perstriatis 
was also studied, but not found to differ from WV. vtridescens. The | 
majority of the observations come from specimens of MW. v. loutstantensis 
from Florida. These were of interest because both neotenic and meta- 
morphosed adults were available. The trunk musculature was found to 
differ significantly between neotenic and transformed members of this 
subspecies, but not amongst the metamorphosed adults of the available 
species and subspecies. 

N. vtrtdescens is a small, but robust newt. In males the hind- 
limbs are large and powerful, in correlation with breeding behavior. 
The tail is long and narrow, and especially high in breeding males. 

The trunk is short in comparison to other North American salamanders 

and costal grooves are not evident. Very young larvae have amphicoelous 
vertebrae, whereas older larvae and adults are fully opisthocoelous. 

In neotenic individuals the trunk is thick, with an expanded dorsalis 
trunet and heavy lateral abdominal musculature. In the latter, the 
anterior condyles of the centra appear less strongly calcified, being 
tipped with a distinct cartilaginous cap. In two gravid neotenic 
females the vomers retain an essentially larval aspect, whereas the 
pterygoids are more or less as those of metamorphosed individuals. 

In neotenic males pron the same areas the vomers are of normal adult 


form and the hyobranchium is non-larval. 


Epaxtal musculature (see Figs. 73 and 74).- The dorsalis trunct differs 


between neotenic and metamorphosed individuals. In the latter, a 
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robust, plate-like expansion is present on top of each neural crest and 
not covered by musculature. The dorsalis trunct is developed as in 
certain species of Triturus, notably 7. vulgaris. Each myomere is 
applied against the dorsolateral surface of the vertebrae and ribs, 
sloping ventrally from the neural crests to the distal portions of the 
ribs, The myomeres are inclined very slightly posteriorly. Anterior 
flexures are very small, extending a short distance beyond the aliform 
process of the anterior vertebra of the pair spanned by the myomere. 
Muscle fibers in the main bodies of the myomeres run anteroposteriorly. 
Hyperapophyseal muscles are of typical newt pattern, originating on the 
lateral surface of a neural crest and dorsal surface of the neural arch 
of one vertebra and inserting on the aliform process of the next 
anterior vertebra, both by muscle fibers and a vertical septum. 

In neotenic individuals the neural crests lack the capping plate 
and are buried by musculature. The anterior flexures are much larger 
than in non-neotenic specimens, extending forward over the posterior 
third of the neural crest of the first vertebra of the pair spanned by 
the myomere. The form of the anterior flexure is somewhat similar to 
that of Dicanptodon, almost certainly owing to convergence. The main 
bodies of the myomeres are inclined posteriorly to a greater degree 
than in metamorphosed individuals. Hyperapophyseal muscles are devel- 
oped as in non-neotenes. In the structure of the dorsalts trunet and 


amount of musculature, neotenic Notophthalmus resemble Stren. 


Hypaxtal musculature (see Figs. 73 and 74).- The subvertebraltis is 
almost identical in neotenic and non-neotenic specimens. It is under- 


lain by the transversus, which attaches to the ventrolateral edges of 
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the centra. As in other newts, there are no subvertebral flexures, each 
myomere being restricted to a single intervertebral area. The ventral- 
most layer of muscle fibers extends anteroposteriorly under the ventral 
lamellae. The myosepta extend up under these lamellae, along the Aen 
of the ventral rib-bearers. In this feature Wotophthalmus differs from 
Tritturus, which has the fibers running only between the ventral lamellae. 
There is a distinct tendency for neotenes to lack some of the posterior 
portions of the ventral lamellae. In these cases, most vertebrae retain 
fully developed lamellae, but some lack the rear of the lamellae on one 
Side or the other. 

Laterally, beyond the ends of the transverse processes, the fibers 
of the ventral layer come to align anterolaterally, eventually blending 
with the obltquus internus distal to the ribs. Above the ventral 
layer, fibers run anteroposteriorly between the anterior and posterior 
edges of adjacent ventral lane uiaes Laterally this unit becomes the 
intercostal musculature and extends posterolaterally. It finally blends 
with the o. e. profundus. Although somewhat different from other newts, 
the condition of the subvertebralis is readily derivable from that of 
an ancestor having ventral lamellae on the transverse processes (e.g., 
Triturus vulgarts). 

The spinal nerves have intravertebral exits, extending postero- 
laterally through the subvertebralis to the peritoneal surface. Here 
they extend a short distance on the internal surface of the transversus 
before proceeding ventrally, one spinal nerve per myocomma, between the 


transversus and o. tnternus. 


Lateral abdominal musculature (see Figs. 73 and 74).- The lateral 
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abdominal musculature of metamorphosed NW. virtdescens is like that of 
Triturus vulgarts. The transversus originates along the anterior 
three-quarters of each centrum. From here the fibers extend antero- 
laterally and ventrally along the inner surfaces of the subvertebralis, 
oO. tnternus, and to the start of the rectus abdomints ventrally and 
medially. At each intercentral joint there is a gap in the trans- 
versus, presumably to prevent bulging of the unit during lateral 
flexure of the colum., 

In neotenes there are no gaps in the transversus, which originates 
along the entire length of the column without interruption. Ventro- 
laterally each centrum develops a long, low flange to which the 
transversus attaches. Some non-neotenic individuals have small 
flanges on the centra, but these are not developed to the same degree. 
Very large adults, of which only metamorphosed individuals were 
available, have thick, low subcentral keels on the centra. The 
ventrolateral flanges are especially well developed on the more 
anterior trunk vertebrae. In both neotenic and metamorphosed specimens 
the external (dorsal) surface of the transversus is joined to the 
myosepta of the subvertebralis. These attachments are lacking in the 
area of the o. tnternus. Neotenes seem to have the transversus more 
tightly attached to the myosepta. 

The remaining parts of the lateral abdominal musculature are 
Similar in neotenes and metamorphosed specimens, except for the greater 
mass laterally and very thin rectus abdomtnts in the former. In large 
individuals of W. v. vitridescens, the o. e. superfictalis originates 
at points over the distal tips of the ribs. However, in neotenic and 


non-neotenic WN. v. Loutstantensts (unfortunately smaller than the 
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specimens of the other subspecies) the o. e. superfictalts is applied 
over the surface of the rectus lateralts and o. e. profundus, instead 
of directly onto the ribs. From the dorsal origins, the muscle 
fibers extend posteroventrally to overlap the reetus abdominus. The 
Oo. @. superfictalts is not segmented. 

A narrow rectus lateralis extends anteroposteriorly between the 
ends of the ribs. This unit appears somewhat better developed in the 
non-neotenes. The o. e@. profundus and o. tnternus are both present 
and segmented by myocommata. They are similar to the same units in 
Triturus vulgaris, but in Notophthalmus the o. e. profundus is a 
direct continuation of the subvertebralts. The fibers of the two 
units align at approximately right angles to one another. Ventro- 
medially they change orientation and blend together, forming the 


reetus abdomitnts. In internal view the latter is not distinct from 


the o. tnternus, but it.overlaps the o. e. profundus externally. This 


overlap is especially well developed in neotenes, extending dorsally 


between the o. e. superfictalts and o. e. profundus. 


Taricha torosa (Rathke in Eschscholtz 1833) 


RANGE. Found in the coastal regions of California from Baja California 


to almost the Washington border. One subspecies is isolated in the 


interior of California (Stebbins 1954). 


HABITAT. ''In and near streams in canyons of the coastal mountains 
; «. «1 [coinciding] with distribution of the coast and anterior live 
oaks and . .. into the Digger and yellow pine zones" (Stebbins 1954, 


p. 48). Breeding occurs in streams, lakes, and ponds. Adults, 
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especially the males, spend much time in water even outside of the 


breeding season. 


FOSSIL RECORD. None of the living species of Taricha are known as 
fossils. Tartcha oltgocenica is known from the upper Oligocene of 
Oregon (van Frank 1955) and 7. mtocentca from the lower Miocene of 
Montana (Tihen 1974). Tihen (1974) assigned these to a subgenus 
Palaeotartcha, distinguishing them from the living species (subgenus 
Tartcha). They differ from the extant species in having well-developed 
dermal caps on the neural crests, a condition similar to Notophthalmus 
(see Fig. 19, also Tihen 1974, fig. 1). A new species of Tartcha, 

from the Oligocene John Day Formation of Oregon, is referable to the 


subgenus Tartcha and is currently being described (Naylor, in prep.). 


RELATIONSHIPS. On the basis of vertebral resemblances between 
Palaeotaricha and Notophthalmus, Tihen (1974) postulated a sister-group 
relationship between the two genera of North American salamandrids. 
This seems reasonable at present and I place Tartcha with Notophthalmus 
in the Notophthalmus group within the tribe Triturini (see discussion 


under Notophthalmus) . 


REMARKS. These are large newts, having a relatively long trunk and 
large, robust limbs. the tail is very long and narrow. There are 
usually nine myomeres between the limb girdles and the trunk is rela- 
tively heavy and somewhat compressed dorsoventrally. The skull is low 
and wide, resembling that of some of the Asian newts. The trunk 
musculature of 7. torosa and 7. granulosa is all but identical in 


gross anatomy. 
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Ozeti and Wake (1969) describe and figure only a single pair of 
radii in the hyobranchium of Taricha. According to Cope (1889) and 
Smith (1927), however, there are two pairs of radii in this genus, as 
in Salamandra, Pleurodeles, and Tylototriton. My dissections poner 
the observations of Cope and Smith: JTaritcha has two pairs of radii 


on the first basibranchial. 


Epaxtal musculature (see Fig. 75).- The dorsalis trumci is a thin 

band of muscle, extending longitudinally on either side of the neural 
erests, it extends: laterally to the’ distal” ends of the ribs, at’ which 
point it blends into the rectus lateralis. There is no horizontal 
septum segregating the epaxial musculature from the lateral abdominal. 
The myomeres are inclined very slightly posteriorly, and medially they 
extend forward into small, but distinct anterior flexures. 

Anterior flexures abut medially on thin, low neural crests, which 
lack dorsal plates. The neural crests may or may hee be covered by 
musculature. Each anterior flexure sends forward a thin, deep septum, 
from which muscle fibers fan into the body of the next anterior flexure. 
In some specimens the anterior septa join to an aliform process anteri- 
orly, completely covering the associated hyperapophyseal muscle 
laterally. Muscle fibers from the hyperapophyseal septa extend 
posterolaterally to attach to the septa of the anterior flexures. The 
hyperapophyses are of typical newt pattern. Muscle fibers in the main 
body of each myomere extend in a primarily anterolateral direction. 


The ends of the ribs are covered by epaxial musculature. 


Hypaxtal musculature (see Fig. 75).- As in other newts, the transversus 


must be removed to expose the subvertebralts in ventral view. The 
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latter is composed of only a single unit of fibers, thereby differing 
from Notophthalmus. Muscle fibers originate on the anterior surface 
of each transverse process and extend anterolaterally to insert on the 
posterior, distal edge of the next anterior transverse process. 
Adipose tissue fills the gap between each transverse process and the 
lateral wall of the centrum. Ventral lamellae are lacking, there 
being only a thin, narrow strut of bone joining the posteromedial 

part of each transverse process to the centrum. 

Distal to aE ee processes, between the ribs, intercostal 
fibers extend posterolaterally. There is a very sudden change between 
the fibers running between transverse processes (anterolateral align- 
ment) and those joining the ribs. Beyond the ends of the ribs the 
subvertebralts is continuous with the o. e. profundus. 


Spinal nerves are essentially as described in Wotophthalmus. 


Lateral abdominal musculature (see Fig. 75).- The o. e. superfictalis 
is developed in a manner similar to that of Wotophthalmus. There are 
no segmenting myocommata, and the fibers extend posteroventrally. 
The unit originates over the areas of the ribs, but without direct 
attachment. The rectus lateralts, located deep to the above, is a 
ventral continuation of the epaxial musculature. It is segmented by 
myocommata and continues ventrally to blend with the o. e. profundus. 
The latter unit is very thin, being composed of a single layer 
of fibers proceeding posteroventrally between segmenting myocommata. 
It blends with the rectus abdominis ventrally, but the latter also 
overlaps the o. e. profundus externally. There is no o. tnternus. 


The transversus is quite thick, originating along the lateral edges of 
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the centra and from the ventral surfaces of the transverse processes 
medially. A long, narrow gap is left at the level of each intercentral 
joint. The fibers of the transversus extend anterolaterally and 
anteroventrally, eventually overlapping the rectus abdomtnts slightly. 
There are no myocommata in the transversus. 

The rectus abdomints is approximately twice as thick as the 
musculature of the lateral wall of the body. There is no division 
into a superficial and a deep portion, but it is more complex than 
that of Notophthalmus. A thin fold of the rectus abdomints overlaps 
the o. e. profundus externally. Internally, the rectus abdomints is 
folded against the inner surface of the o. e. profundus, where it is 
separated into two lateral bands. The more medial is composed of 
fibers extending anteroposteriorly. Lateral to this, a group of 
muscle fibers extends anteromedially between the myocommata and 
external to this are the fibers of the o. e. profundus. This situ- 
ation vaguely resembles the differentiated rectus abdomtinis of 
Tylototriton and Salamandra, perhaps an indication that Taricha is 


the most primitive living member of the Triturini. 


Cynops pyrrhogaster (Boie 1826) 


RANGE. This species is found on the Japanese islands of Hondo, 


Shikoku, Kyushu, and Yaku (Thorn 1968). 


HABITAT. "Widely distributed and common, inhabiting streams, ponds, 
reservoirs, and roadside drains, but probably confined to the lower 


altitudes" (Stejneger 1907, p. 19). The adults are largely aquatic 
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in clear water (Thorn 1968). In the laboratory, feeding occurs readily 


in or out of the water. 


FOSSIL RECORD. Young (1965) described Procynops mtocenicus from the 
upper Miocene of Shantung, China. No other fossil material of Cynops 
or Cynops-like species is known. Three nearly complete skeletons of 
Procynops are known. These have "very feeble" lies are smaller than 


adults of any living species of Cynops, and may well be larvae. 


RELATIONSHIPS. On the basis of cranial osteology, Beiter (1928) 
believed Cynops (including Paramesotriton chinensis) to be related to 
Taricha, Notophthalmus, Tylototrtton, and Pachytriton. Chang (1935) 
placed Cynops ortentalts in a new genus Pingta and classified the 
monotypic Hypselotriton as Cynops wolterstorffta. He considered Cynops 
to be closely related to '"Triturotdes" (now Paramesotriton chtnensts). 
Chang's nomenclatorial changes have not been followed by subsequent 
workers. 

Herre (1935b) classified the species of Cynops then recognized 
in Trtturus, but in the same year he and Wolterstorff (Wolterstorff 
and Herre 1935) recognized Cynops as a valid genus. Wake and Ozeti 
(1969) believed Cynops to be closest to Hypselotriton and Pachytrtton, 
and probably to Paramesotriton, as well. According to Thorn (1968), 
Cynops and Paramesotrtton are related to the species of Trtturus that 
Bolkay (1928) included in "Palaeotriton" (type species: 7. vulgaris). 
This species group of Trtturus does show resemblances to the Asian 
newts, but the meaning of these similarities is not certain. “For 
convenience the Asian newts are here united into the Cynops group, 


including Cynops, Paramesotrtton, Hypselotrtton, and Pachytriton. 
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REMARKS. Cynops pyrrhogaster is a medium-sized to small newt with a 
thick trunk, almost square in cross-section. The tail is markedly 
laterally compressed, elongate, and high. The limbs are not enlarged, 
but they are robust. A strong frontosquamosal arch is present and rn 
the skull is heavy and elevated, similar to that of Notophthalmus. 
The sacrum is usually T14. In one specimen the first caudosacral 
vertebra retains a pair of short, robust ribs, and is involved in 
supporting the pelvic girdle. A line of protuberant glands extends 
down each side of the trunk, along the line at which the epaxial 
musculature and the rectus lateralts meet. Large paratoid glands 

are also present. These newts are difficult to skin, the trunk 


musculature adhering to the very thick and tough skin. 


Epaxtal musculature (see Fig. 76).- The dorsal surfaces of the neural 
crests are laterally expanded, forming robust, dorsally pitted, and 
elongate triangles in dorsal view. These are not covered by epaxial 
musculature and form a bony ridge down the back, presumably having 

a defensive function. The vertebral column and epaxial musculature 
are differentiated along the trunk. Two regions may be distinguished: 
an anterior "thoracic'' region extending from Tl to approximately T10, 
and a posterior "lumbar" region comprising the immediately presacral 
vertebrae (T10 or 11 to T13). No difference between the vertebrae of 
each area is evident, but the ribs differ markedly. In the "thoracic' 
region the ribs are long and ventrally curved, extending well beyond 
the limits of the dorsalts trunct. This is especially true just 
behind the pectoral girdle. From this point posteriorly the ribs 


gradually decrease in length. In the "lumbar" region they are very 
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short and completely enclosed within the dorsalis trunet. Although 
there is a gradual decrease in length through the "thoracic" series, 
there is a more abrupt transition to the "lumbar" region. 

The dorsalis trunct is developed as in Tartcha torosa. pieerior 
flexures are small, but well developed, and large hyperapophyseal 


muscles are present. 


Hypaxtal musculature (see Fig. 76).- The subvertebralts is covered 
ventrally by the transversus, as in other newts. It is composed of 
three units, similar to the condition of Triturus vittatus. Ventrally 
and laterally a part of the obltquus tnternus extends under the 
subvertebralts proper. The fibers of this single, thin layer proceed 
anterolaterally. Medially muscle fibers run anteroposteriorly between 
the ventral lamellae of adjacent vertebrae. Lateral to this the 
fibers extend posterolaterally and are located above those of the 
medial extension of the o. tnternus. When the fibers of these ventral 
portions are removed, the third unit is evident. Its fibers originate 
on the anterior edge of one ventral lamella and proceed anteriorly 
and anterolaterally to insert on the posterior border of the trans- 
verse process of the next anterior vertebra. Ventrally and laterally 
this unit blends with the fibers of the more ventral unit to form the 
O. @. profundus. 

The spinal nerves exit intravertebrally and extend ventrally in 


the same manner as in the newts described above. 


Lateral abdominal musculature (see Fig. 76).- The o. e. superfictalts 
is found on the external surface of the trunk. It originates dorsally 


on the posterior edges of the tips of the ribs where the latter are 
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free of the epaxial myomeres. Ventrally the majority of the fibers 
run deep to the rectus abdominis in a unique manner, but a few 
scattered fibers do extend over the rectus abdomints, especially 
immediately presacrally. In some places fibers attach to the anterior 
surface of one of the myocommata segmenting the rectus abdomints, The 
Oo. @. superftctalts is not segmented by myocommata. 

The o. e. profundus is deep to the unit just described. Even 
though its fibers parallel those of the o. e. superficialis, it remains 
distinguishable as a separate unit. The o. e. profundus blends 
dorsally with the intercostal musculature and ventrally it extends 
deep to the external flap of the rectus abdomints, ultimately blending 
with the latter. The o. tnternus is a distinct unit, underlapping the 
subvertebralis in the intercostal region. Ventrally it joins with the 
oO. @. profundus to form the rectus qbdomints. The fibers of the o. 
internus extend anteroventrally between the myocommata. 

The most internal transversus differs in no significant way from 
that of Zaricha. A distinct rectus lateralis extends between adjacent 
ribs, where the latter are free from the epaxial myomeres. Each seg- 
ment of the rectus lateralts is overlapped anteriorly by a part of the 
o. e. superficialts. The rectus abdominis is also segmented by myocon- 
mata, between which the fibers proceed anteroposteriorly. A thin flap 


of the rectus abdominis extends dorsally over the o. e. profundus and 


ventralmost fibers of the o. e. superfictalts. 
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Paramesotrtton hongkongense (Myers and Leviton 1962) 


RANGE. This species is found on the island of Hong Kong and the 
Kowloon region of the neighbouring coast of the People's Republic of 


China (Thorn 1968). 


HABITAT. P. hongkongense is almost completely aquatic in small, 
slow-moving rivers, which have aquatic vegetation and a bottom of 


small rocks and stones under which they hide (Thorn 1968). 
FOSSIL RECORD. . None for the species or the genus. 


RELATIONSHIPS. Bolkay (1928) classified Paramesotrtton chinensis, 
the only species of the genus then named, in Cynops. On the basis of 
contact between the pterygoid and maxilla (either direct or 
cartilaginous), Chang (1935) related Paramesotriton deloustt to 
Pachytrtton, Tylototriton, and his new genus Pingta (= Cynops 
ortentalts). In addition, he (1935) named a new genus Trtturotdes 
for P. chtnensts, which he believed to be related to Cynops and 
Hypselotriton. Neither of Chang's genera are presently used. 

Herre (1935b) saw a close relationship between Paranesotriton 
and Cynops, classifying the species of both genera in Triturus, but 
suggesting a closer alliance between them than either had with the 
other species of Triturus. Elsewhere, by recognizing the genus Cynops 
and continuing to place the species of Paramesotriton in Triturus, 
Herre (1939a) indicated a closer alliance of the latter two than of 
either to Cynops. Von Wahlert (1953) believed Paramesotriton to be 
close:to the other newts of Asia, especially Pachytriton. By contrast, 


Freytag and Petzold (1961) concluded that Paramesotriton, although a 
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member of the "higher" salamandrids, was not closely related to 
Pachytriton, but to the "Cynops-ahnliche" newts. It is to be noted 
that Wake and Ozeti (1969, p. 135) have mistranslated the work of 
Freytag and Petzold (1961, p. 161), who state "aber nicht mit 
Pachytriton brevipes tn nahere genetische Beztehung gebracht werden 


kann."" Wake and Ozeti claim that these workers believed 


Paramesotrtton to be close to Pachytriton, when in fact the opposite 


was argued. 

Wake and Ozeti (1969, p. 135) state that the hyobranchial 
apparatus of Paramesotrtton hongkongense is more similar to that of 
Trtturus than to that of Cynops, and that Paramesotrtton is "more 
closely related to Trtturus than to any other genus." Thorn (1968) 
considered Paramesotrtton and Cynops to be close to the species of 
Triturus that Bolkay (1928) called "Palaeotriton", and that 
Paranesotrtton was also allied to Aypselotrtton. I group 
Paramesotrtton with the other Asian newts (excluding Tylototrtton) 


in the Cynops group (see Conclusions). 


REMARKS. This species is large with a robust trunk and a long 
powerful tail. The limbs are large, but relatively less so than in 
Tartecha. The trunk is relatively short, T13 generally bearing the 
pelvic girdle, and deep. There is a low, but distinct, crest 
extending down the back. This is formed by the high neural crests. 
The snout is pointed and the skull wide and very flat. The fronto- 


Squamosal arch is large and completely bony. 


Epaxial musculature (see Fig. 77).- The dorsalts trunci is developed 


as in Cynops, with short anterior flexures and powerful hyperapophyseal 
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muscles. Large, roughened plates are present on the tops of the neural 
crests and extend above the epaxial musculature. The main bodies of 
the myomeres differ from those of Cynops in their greater lateral 
extent. The ribs do not reach beyond the dorsalis trunct, except for 
a very short projection in the immediate area of the pectoral girdle. 
There is no division of the column into the regions seen in Cynops. 


The amount of musculature in the epaxial myomeres is quite small. 


Hypaxtal musculature (see Fig. 77).- The subvertebralts, lying dorsal 
to the transversus, is composed of two layers of muscle fibers. These 
are not set off from each other, but are distinguishable owing to 
Sete eee in the orientation of the fibers. Most ventrally, fibers 
originate on the anterior edge of one ventral lamella and extend 
anterolaterally to insert on the transverse process of the next 
anterior vertebra, at which point a small projection of bone is 
developed. Muscle fibers do not attach to the posterior edges Gf the 
ventral lamella, but extend above them. The anterolateral alignment 
of the ventral fibers is maintained laterally and ventrally, where 
the unit blends with the o. tnternus. Dorsal to this, the muscles of 
the subvertebralis extend anteroposteriorly between the transverse 
processes and posterolaterally between the ribs. The intercostal 
fibers become the o. e. profundus distal to the ribs. 

The spinal nerves exit intravertebrally and pass laterally and 


then ventrally as in Cynops. 


Lateral abdominal musculature (see Fig. 77).- The lateral abdominal 
musculature is extremely thin, but retains all the units described 


above in Cynops pyrrhogaster. The o. e. superfictalis differs from 
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that of Cynops in overlapping the rectus abdominis ventrally, thereby 
resembling the other newts. The rectus lateralis and simple rectus 
abdominis are constructed as in Cynops. The o. e. profundus is a 
separate unit, not being partially fused with the o. e. superfictalts 
(contrast Cynops). It blends ventrally with the o. tnternus to form 
the rectus abdominis. The o. tnternus differs from the condition in 
Cynops in being continuous with the subvertebralts dorsally. 

The transversus originates on the anterolateral and posterolateral 
borders of the ventral lamellae, a condition resembling that of Stren. 
A few stray fibers sometimes extend medially to the lateral edges of 
the centra under the anterior parts of the lamellae. There are large 
intercentral gaps in the transversus. Ventrally it is strongly 
attached to the rectus abdomtnis. iceeralentey, inthe negion ‘o£ the 
shoulder girdle, a modified part of the transversus is found. This is 
a paired muscle, one part arising on either side of the vertebral 
column from the posterior septum of the fourth subvertebral myomere 
(counting the myomere spanning the atlas and the skull as number one). 
It then fans anteriorly to attach to the dorsal surface of the 


esophagus. A similar muscle is found in Pleurodeles waltit. 


Triturus Rafinesque 1815 


RANGE. Found throughout Europe west of the USSR, with species entering 
the USSR and the Middle East. Lacking from Ireland and northernmost 


Scandinavia (see Thorn 1968). 


HABITAT. See under individual species accounts. 
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FOSSIL RECORD. Herre (1950) lists the following named species of 


fossil Trtturus: T. sansantense (Latret), from the Miocene of France; 


T. lacastanum (Latret), from the Miocene of France; 7. wintershoft 
Lunau, from the Miocene of Germany. Estes and Hoffstetter (1976) 
consider 7. sansantense (Latret) to be Salanandra sansantense Latret. 
Herre (1950, 1955) also named Trtturus schnattheimi from the middle 
Miocene of Germany and T. roehrst from the Miocene of the Vienna 
Basin. Brame (1967) lists 7. megacephalus Costa from the Cretaceous 
of Italy, but the validity of this species is questionable. Most 
recently, Estesvand Hoffstetters(1976)(reported jionyfriturus ef. Tf. 
marmoratus from the upper Miocene of eee Brunner (19561957) 
referred parasphenoids from the German Pleistocene to Trtturus 
species and Trtturus aff. marmoratus. 

Herre (1935b) notes that Oltgosemta from the Oligocene of Spain 


and Archaeotrtton from the Oligocene and Miocene of Czechoslovakia 


are Trtturus-like. These genera may well by synonymous with Trtturus. 


RELATIONSHIPS. Noble (1931) included the North American and East 
Asian newts (excepting Tylototrtton) in Trtturus. Herre (1935b) 
considered Trtturus, which he derived from Tartcha, to be central to 
a large adaptive radiation. From it he derived the proteids, the 
sirenids, Amphtwna, Notophthalmus, Neurergus, and the Asian newts 
exclusive of Tylototritton. In agreement with previous workers, Wake 
and Ozeti (1969) noted the close relationship of Trtturus and 
Neurergus. They believed these two genera to be closest to the North 


American newts, and 7riturus was stated to share characteristics of 
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the hyobranchium with Paramesotrtton. Salthe (1967) believed that 
courtship data indicated Triturus to be the most derived salamandrid. 

Bolkay (1928) divided the species of Trtturus into three species 
groups: Palaeotriton, Mesotriton, and Neotriton. Thorn (1968) : 
updated these groups, which are based on cranial osteology, as follows: 

Palaeotrtton (strong frontosquamosal arch). 

Content: ..7. vulgarts* (type), T. helwveticus*, Ti vittatue*, 
T. montandont, T. ttalteus, T. boscat. 
Mesotrtton (weakly developed frontosquamosal arch). 
Content: TY. alpestris* (monotypic and very close to 
Neurergus) . 
Neotrtton (frontosquamosal arch weak or absent). 
Content: TZ. ertstatus* (type), 7. marmoratus*. 
The species that are starred are described below. 

Based on the structure of the frontosquamosal arch, the species 
that I studied can be placed in the following caren: T. ertstatus 
(arch lacking), 7. vtttatus, f. alpestris,.f. marmoratus,, 7. vulgaris, 
and 7. helvettcus (complete bony arch). There are certain distinctions 
known in habitat and life history and these have been noted for each 
species. However, lacking detailed natural history observations, it 
is not possible to correlate structures with functions. 

It is doubtful whether relationships within Trtturus can be 
successfully elucidated at present. The three-way division presented 
above is, perhaps, an acceptable framework, although there are certain 
inconsistencies. Tritturus marmoratus is not particularly like Tf. 


ertstatus in terms of trunk musculature, but then neither is it 
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greatly dissimilar. Tf. alpestrts is very like the species of the 
Palaeotriton group (e.g., 7. vulgarts and 7. vittatus), with which 
it could be readily classified. In terms of the trunk musculature 
(and cranial osteology does not controvert this) 7. helvetteus is 
isolated from the other species, probably deserving of a separate 


group. 


REMARKS. In certain species, notably 7. vulgarts and T. helvettcus, 
the ribs are long and extend far ventrally. This causes deformation 
of the lateral abdominal musculature when it is spread laterally for 
dissection. As a result, it has been difficult to represent the 
musculature exactly in the figures. 

There is an apparent trend in 7rtturus towards close association 
of the epaxial musculature with the vertebrae and a decrease in the 
amount of musculature. This is reflected in the development of tall, 
robust neural crests and aliform processes. It is, however, probably 
more likely that the evolutionary trend is in the opposite direction, 
towards the re-development of large amounts of trunk musculature and 
less complex vertebrae. This would be the case if Triturus is as 


derived as most workers seem to believe (see Conclusions). 


Triturus ertstatus (Laurenti 1768) 


RANGE. This species has an extensive range, being found through most 
of Europe, but absent from Ireland, Spain, Portugal, southwestern 

France, southern Italy, and southern Greece. It extends to '"67°N in 
Scandinavia and to the extreme north of Scotland... . [In] France 


and in the Iberian Peninsula [it] is replaced by Trtturus marmoratus. 
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. .. [2. ertstatus] reaches well into Russia in the east of its range, 
while . . . further south [it] reaches as far east as Iran" (Steward 


1969, p. 101). 


HABITAT. ''The Crested Newt is basically a lowland species ... rand 
might almost be regarded as a woodland species, since it is very much 
at home in deciduous woods though by no means confined to’ them?" "The 
distribution seems governed by the need for suitable breeding areas, 
as "it prefers fairly deep, weedy pools and during the daytime at 
least remains at greater depth than most other newts" (Steward 1969, 
pp. 101-102). Larvae are bottom dwellers, making extensive use of 
olfaction to find food. Adults are aquatic only during the breeding 
season, otnerwise being found on land under logs, stones, and other 


surface debris (see Thorn 1968). 


FOSSIL RECORD. None known for this species (see also under Trtturus 


above). 


RELATIONSHIPS. Bolkay (1928) grouped this species with 7. marmoratus 


in Neotriton (see above discussion). 


REMARKS. This is a large Trtturus, reaching lengths of six inches or 
more total length. The trunk is heavy and relatively long, with 14 or 
15 costal grooves in available specimens. The tail is short and 
laterally compressed. The limbs are large, but proportionally smaller 
and less robust than in other species of Triturus. There is a large 
amount of trunk musculature for a newt, although still less than in 


Salamandra. 


Vertebrae are opisthocoelous, but the condyles are anteriorly 


385 


flattened and barely fit into the posterior cotyles. In young, although 
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fully metamorphosed individuals, amphicoely is still fully developed. 
This contrasts to the situation in most other newts, in which late 
larvae and postmetamorphic individuals are opisthocoelous. I 
interpret the reduction in the opisthocoelous condition and the 
simplification of the vertebrae to be secondary in 7. ertstatus, 
partially owing to paedomorphosis. All adult individuals dissected 


were in the aquatic, breeding phase. 


Epaxtal musculature (see Fig. 78).- The dorsalts trunct is massive, 
with a deep, narrow groove separating the two lateral halves. The 
anterior flexures are not differentiated from the main bodies of the 
myomeres aS auxiliary units. Rather, each myomere slants slightly 
posteriorly, with the anterolateral face smoothly continuous from 

the main body to the anterior flexure. This is seen in certain other 
species of Triturus. In the forward regions of the column the 
anterior flexures extend to the hyperapophysis of the vertebra 
anterior to the pair spanned by their myomeres. In the posterior 
regions of the trunk, however, hyperapophyses are not met, the 
flexures extending only slightly beyond the transverse processes of 
the anterior vertebra of the pair spanned by a myomere. The anterior 
flexures are narrow, their medial parts hidden unless the myomeres 
are displaced laterally. 

Muscle fibers extend anterolaterally in the main bodies of the 
myomeres. The dorsalis trunct does not extend beyond the tips of the 
ribs. In the area of the pectoral girdle the distal ends of the ribs 
serve as sites of origin for muscles leading to the suprascapula. 


Hyperapophyseal muscles are present and well developed, each 
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originating over one half of the neural arch of one vertebra and 
inserting by a broad septum to the equivalent half of the hyper- 
apophysis of the next anterior vertebra. Aliform processes are not 


present. 


Hypaxtal musculature (see Fig. 78).- The subvertebralts is underlain 
by the transversus and is otherwise conformable to the situation in 
other newts. Males especially, in the more anterior part of the 
column, have developed a small muscle that extends anteromedially from 
the lateral surface of the anterior part of one centrum to the 
posterior border of the ventral lamella of the next anterior vertebra 
(labelled as the transverse process muscle in Fig. 78). This unit is 
lacking from most of the column and even when present is a very 
indistinct part of the subvertebralts. 

The ventral fibers of the subvertebralis extend anterolaterally 
between adjacent ribs, there being no underlap by muscle fibers 
beneath the ribs. Laterally this unit becomes the obitquus itnternus. 
Dorsal to this unit, the main mass of the intercostal musculature is 
composed of fibers extending anteroposteriorly between the ribs. This 
section is continuous with the rectus lateralis and also with the 

Oo. e. profundus. 

Spinal nerves exit intravertebrally and then extend postero- 
laterally, exposed for much of their distance to the peritoneal cavity. 
At a point just below the distal ends of the ribs, each nerve passes 


external to the transversus, running between it and the o. tnternus. 


Lateral abdominal musculature (see Fig. 78).- 7. crtstatus is foetal 


in its retention of four layers of musculature on the lateral body 
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wall. Externally the o. e. superftctalts is composed of fibers 
extending posteroventrally from their origin over the distal ends of 
the ribs to overlap the rectus abdominig ventrally. There is no dorsal 
overlap of the dorsalts trunet. In the more anterior regions of the 
trunk the o. e. superftctalts is not segmented, but myocommata invade 
it posteriorly. 

The rectus lateralis is located deep to the o. e. superfictalis, 
just below the dorsalts oe Ae) The muscle fibers of this unit extend 
anteroposteriorly between, and also ventral to, the ends of the ribs. 
The r. lateralts is distinguishable owing to its greater thickness, 
but ventrally it blends into the o. e. profundus, the fibers of which 
run posteroventrally between the myocommata. Deep to this layer of 
the external oblique is the o. tuternus, which blends with the o. e. 
profundus ventrally to form the rectus abdominis. The latter is a 
simple, although thick, unit with fibers extending anteroposteriorly 
between myocommata. 

The transversus originates along the lateral edges of the centra, 
without leaving intercentral gaps. The muscle fibers extend laterally 
and slightly anteriorly. In males there are about five myomeres 
located in the midtrunk region in which the subvertebral portion of 
the transversus is separated from the lateral abdominal part by 
myocommata. It is this area that has been figured (see Fig. 78). 
However, elsewhere along the column, and throughout the column in 


females available to me, the transversus is not interrupted by 


myocommata. 
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All of the layers of the lateral abdominal musculature are very 
thin. Except for the r. lateralis and the r. qabdomints, each unit is 


composed of only a single layer of muscle fibers. 


Tritturus marmoratus (Latreille 1800) 


RANGE... (This species replaces) its presumed relative %. cristatus in 
southeastern France, Spain, and Portugal. There is a broad area in 
central France where there is partial overlap of the two species and 


occasional hybridization occurs here (Steward 1969). 


HABITAT. 2. marmoratus is found in areas similar to those inhabited 


by 7. eristatus, but in different regions (Thorn 1968). It is confined 


to lower altitudes and found on most sorts of soil, although breeding 
sites appear to dictate the distribution. "Running water is normally 
avoided and it prefers small but reasonably deep ponds, pools, and 
ditches, especially where there is an abundance of water-vegetation" 
(Steward 1969, p. 115). Except during the breeding season, adults 


are terrestrial. 


FOSSIL RECORD. Brunner (1957) referred a parasphenoid from the 
Pleistocene of Germany to Trtturus aff. marmoratus, and Estes and 
Hoffstetter (1976) describe material of Triturus cf. T. marmoratus 


from the Miocene of France. 


RELATIONSHIPS. This species is grouped with 7. ecrtstatus in the 


Neotrtton group (see above). 


REMARKS. The body proportions are very like those of 7. cristatus. 


Both are relatively large, with long robust trunks and relatively long, 
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laterally compressed tails. The limbs are fairly large, but relatively 
less so than in other species of the genus (e.g., 7. helvettcus and 

T. vulgarts). There are 10 or 11 myomeres between the limb girdles. 
Vertebrae differ from those of 7. ertstatus in having fairly tall, " 
robust neural crests, and distinct ventral lamellae. The amount of 
trunk musculature is relatively small, and the lateral abdominal 


musculature is extremely thin. 


Epaxtal musculature (see Fig. 79).- The shape of the myomeres of the 
dorsalis trunct differ from those of 7. cristatus. With the presence 
of high, plate-like neural crests and small aliform processes, 7. 
marmoratus differs from 7. ertstatus, but is more like most other 
newts. The tops of the neural crests are not covered by musculature, 
the dorsalts trunct being disposed laterally on either side. There is 
no development of capping plates on the neural crests. 

Anterior flexures are short and relatively narrow, extending a 
very short distance beyond the aliform process of the anterior vertebra 
of the pair spanned by the myomere. A short septum extends forward 
from the apex of each anterior flexure. The anterior myoseptum of each 
myomere rises posteriorly, is smoothly continuous between the main 
body and the associated anterior flexure, and is gently concave 
posteromedially. The main bodies of the myomeres are of relatively 
small mass, but are developed as those of 7. eristatus and lack the 
extreme modifications of certain other newts (e.g., Euproctus and 
Salamandrina). Laterally each myomere ends a significant distance 


before the distal ends of the ribs that it spans. 
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The lateral edges of each aliform process give rise to posteriorly 
directed hyperapophyseal septa, one per arm of the process. Muscle 
fibers extend posterolaterally to the septum from the next posterior 
anterior flexure, and posteromedially to the neural crest of the next 
posterior vertebra. The hyperapophyseal Septum is oriented vertically. 
In superficial view these muscles are not visible, being covered by a 
layer of muscle fibers extending anteroposteriorly in the medial part 


of each anterior flexure. 


Hypaxtal musculature (see Fig. 79).- The subvertebralis is constructed 
as in 7. ertstatus and is also underlain by the transversus. Medially 
the subvertebral fibers run anteroposteriorly between the borders of 
adjacent pairs of ventral lamellae. Lateral to the transverse 
processes, beneath adjacent ribs, the fibers come to extend antero- 
laterally. This unit proceeds laterally and ventrally without break 
to form the obltquus tnternus. Dorsal to this thin layer, between the 
ribs, the intercostal musculature extends anteroposteriorly. This unit 
blends with the rectus lateralis distally. The subvertebralts is 
segmented into simple, discrete myomeres, each one extending between 
only two vertebrae, and no flexures are developed. 

Spinal nerves exit Prana se onl through the walls of the neural 
arches, just posterior to the origins of the transverse processes. 
Each nerve is exposed to the peritoneal cavity for much of its distance, 
lying external to the transversus for only a short way in the area of 
the transverse processes. Ventrally, not far from the lateral edge of 


the rectus abdomtnis, the nerves extend between the transversus and the 


o. tnternus. 
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Lateral abdominal musculature (see Fig. 79).- Except for the rectus 
lateralts and parts of the rectus abdominits, the lateral abdominal 
musculature is very thin. There is only a single layer of fibers in 
the obltquus externus. Based on fibral orientations and positional 
relationships, this is probably homologous to the o. e. superfictalts 
of other salamanders. The fibers of this unit extend ventrally and 
Slightly posteriorly and are not divided by myocommata.. Dorsally the 
fibers converge to originate on the distal ends of the ribs. 
Ventrally the unit overlaps the rectus abdomints to a limited extent. 

Ventral to the dorsalts trunct and running between adjacent ribs 
is the rectus lateralis, which is a direct continuation of the 
intercostal series. Much of the rectus lateralts is exposed laterally, 
owing to the origin of the o. e. superfictalis on the ribs rather than 
over the epaxial musculature. There is no trace of an o. e. profundus, 
the o. tnternus lying deep to the o. e. superfitctalis. This middle 
layer is composed of fibers extending anteroventrally between the 
myocommata. Ventrally the o. tnternus forms part of the rectus 
abdomints , the fibers here being oriented anteromedially. 

The most internal transversus arises medially and dorsally along 
the jareral edges of the centra and is not segmented by myocommata at 
any point. Ventrally it inserts on the internal, lateral edge of the 
r. a. superficialis. The rectus abdomints is divided into two parts, 
here termed the r. a. superfictalis and the r. a. profundus, although 
homologies are not certain. The two units are located side-by-side as 
in Salamandra and do not show the arrangement present in Salamandrtina, 


Tylototriton, and salamanders of more primitive families. The r. a. 
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superfictalts is thin, segmented by myocommata, and composed of fibers 
extending anteroposteriorly. Lateral to it, and of approximately equal 
width, is the r. a. profundus. This unit is itself composed of two 
parts: a superficial part with fibers extending anteroposteriorly, and 
a deeper unit with fibers running anteromedially. The deeper part is 

a direct continuation of the o. tnternus and, therefore, perhaps not 
properly a part of the rectus abdomints. Nevertheless, the double 
layered nature of the r. 2 profundus, with fibers running in two 
Slightly different directions, is similar to the condition seen in 
Salamandrina, Tylototrtton, plethodontids, and some hynobiids. However, 
in 7. marmoratus, the r. a. profundus is tightly bound to the rv. a. 


Super; ictalts and is not “free. 


Tritturus alpestris (Laurenti 1768) 


RANGE. The species has an extensive distribution in Europe, being 

found eastwards from northern and central France and northern Italy, 
and extending into the USSR and the Balkans. There is also a single 
isolated population in northern Spain about Lake Evcina (Thorn 1968, 


Steward 1969). 


HABITAT. This is largely, but not exclusively, an inhabitant of higher 
altitudes. It is very tolerant of low temperatures and is found either 
on land or in the water of mountain lakes, ponds, and slowly moving 
streams. Nocturnal and crepuscular when on land, it is active during 
lighter periods than other Triturus. Highly mobile, fT. alpestris 
wanders over land and in the water throughout the year. 'In the water, 


these newts are bottom dwellers rather than free swimmers", being 
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found in both shallow and deep water (Steward 1969, p. 95). Neoteny 


is relatively common. 


FOSSIL RECORD. None for this species; that of the genus is discussed 


above. 


RELATIONSHIPS. YT. alpestrts is often classified in its own group in 
the genus Trtturus, but it is probably more properly to be included 
with 7. vulgarts, T. vittatus, and their allies in the Palaeotriton 


group (see Bolkay 1928, Thorn 1968, also above). 


REMARKS. This is a medium-sized member of the genus Trtturus. The 
trunk is relatively robust and the tail quite short. The limbs are 


small, but well developed. 


Epaxtal musculature (see Fig. 80).- The dorsalts trunet is so similar 


to that of 7. vittatus (q.v.) as to require no additional description. 


Hypaxtal musculature (see Fig. 80).- The subvertebralis differs in no 


discernable way from that of 7. vtttatus (q.v.). 


Lateral abdominal musculature (see Fig. 80.).- This complex is also 
developed more or less as in 7. vtttatus, but with certain distinctions. 
The transversus differs in having intercentral gaps, as in 7. vulgaris. 
The spinal nerves are exposed to the peritoneal cavity for a somewhat 
shorter distance than in 7. vittatus. The o. e. profundus and o. 
internus are extremely thin layers, each being composed of semi-isolated, 
individual muscle fibers extending between adjacent myocommata. 


Together they form somewhat of a latticework between the transversus 


and o. e. superfictalts. 
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Trtturus vittatus (Jenyns 1835) 


RANGE. According to Thorn (1968), this species has a disjunct distri- 
bution, one group found along the southern and eastern coasts of the 
Black Sea in Asia Minor. From the east coast the range extends 
eastwards almost to the Caspian Sea. The second group is found along 
the Mediterranean coasts of Lebanon and Israel, extending into Syria 


and Iraq. 


HABITAT, The northern subspecies (7. vtttatus ophrytteus) is a 
mountain dweller of cold lakes, ponds, and slower streams. The southern 
subspecies (7. v. pie a inhabits lower regions close to or in 
temporary ponds with little aquatic vegetation, but with large numbers 
of crustaceans and insects. It is less common in rivers. The species 
is apparently highly aquatic, though not exclusively so (see Thorn 1968, 


Steward 1969). 


FOSSIL RECORD. None for this species; that of the genus is discussed 


above. 


RELATIONSHIPS. * 7. vittatus is) classified’ with Tf. vulgarte), T. 
helveticus, and others in the informal Palaeotriton group (see Thorn 
1968). It is very similar to 7. vulgaris and Tf. alpestrts in terms of 


trunk musculature, but differs rather markedly from 7. helvettcus. 


REMARKS. The trunk is relatively slender and more or less cylindrical. 
Costal grooves are not distinct, but there are 10 or 11 myomeres between 
the pectoral and pelvic girdles, The tail is relatively short and 
laterally compressed. Limbs are thin and not overly long. Although a 


bony frontosquamosal arch is not present in any of my specimens, Bolkay 
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(1928) figures a thin but complete bony arch in a male of this species. 


There is, therefore, presumably variation in this feature. 


Epaxtal musculature (see Fig. 81).- The dorsalis trunct is not massive, 
the amount being much less than that found in 7. cristatus. The 
epaxial myomeres are narrow and in close association with the vertebrae, 
especially the neural crests, aliform processes, and transverse 
processes. Ribs extend beyond the lateral borders of the dorsalis 
trunet for approximately one third their total length. The myomeres 
Slant very slightly posterodorsally from between adjacent vertebrae. 
The tops of the neural crests and aliform processes are not buried 
beneath musculature. Rather, each myomere extends laterally from the 
top edge of its associated neural crest. 

The anterior flexures are relatively narrow and very short. 
Medially, each generally attaches to the anterolateral edge of one of 
the sides of an aliform process. A septum extends anteriorly from the 
apex of each flexure. In the anterior portion of the trunk these septa 
appear to join the posteromedial edge of the main body of the next 
anterior myomere. In the more posterior region the septa proceed only 
a short distance beyond their anterior flexures. The forward attach- 
ments of these septa are problematical. Each septum is extremely thin 
anteriorly, but it does appear to attach to the next anterior myoseptum 
in places. 

Fibers extend anterolaterally in the main bodies of the myomeres, 
forming long tracts along the vertebral column. As in [. crtstatus and 
others, the main body and the anterior flexure of each myomere are a 


single coherent unit, with the anterior, bounding myoseptum extending 
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smoothly between the two parts. Hyperapophyseal muscles are present 
and well developed throughout the trunk. They are overlain by a thin 
layer of muscle fibers running between adjacent aliform processes in 
the anterior flexures. In a manner very similar to that found in 
Stren, each aliform process gives rise to two vertical septa, each 
extending posteriorly from one of the lateral edges. Each septum 
gives rise to fibers that run posteromedially and posterolaterally to 
the paralleling neural crest and septum of the associated anterior 
flexure. This organization is almost certainly apomorphic, indicating 


close relationship between Stren and the salamandrid newts. 


Hypaxtal musculature (see Fig. 81).- The subvertebralts is as in 
other newts, exhibiting a condition somewhat different from that of 

T. ertstatus and T. marmoratus. The transversus underlies the 
subvertebralts, originating along the centra. When this thin layer is 
removed, the simple subvertebralts is evident. The most ventral layer 
extends anteroposteriorly between adjacent ventral lamella and ribs. 
The ventral lamellae are not underlain by subvertebral musculature, 
except for the transversus, and serve as areas for the deposition of 
fatty tissue in addition to their function in locomotion. Distal 
portions of the ribs are completely covered ventrally by the 
subvertebralts. 

The obliquus internus invades the subvertebral area, extending 
medially under the subvertebralts to about the midpoint of the ribs. 
Above this, the subvertebral fibers proceed anteroposteriorly. Dorsal 
to the anteroposterior unit, muscle fibers run in different direc- 


tions. The anterior edge of each ventral lamella gives rise to muscle 
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fibers that extend anterolaterally, converging on the distal edge of 
the ventral rib-bearer of the next anterior vertebra. A short, broad 
spike of bone often projects posteromedially from the rib-bearer to 
serve as an area of insertion for these muscles. Intercostally, 
muscle fibers run posterolaterally. This group proceeds laterally and 
ventrally beyond the ribs to form the o. e. profundus. 

Spinal nerves exit intravertebrally and extend laterally along 
the inner surface of the nein ats just posterior to the associated 
rib and myoseptum. Ventrally each nerve comes to lie along a. 


myocomma between the transversus and o. tnternus. 


Lateral abdominal musculature (see Fig. 81).- The muscle layers about 
the lateral and ventral walls of the body are extremely thin, each 
composed of only a single layer of fibers. Nevertheless, all four 
layers are present laterally. The o. e. superftctalts lacks myoseptal 
divisions and originates at points over the distal ends of the ribs. 

A thin fascia attaches to the tips of the ribs and the muscle fibers 
converge on these areas, allowing the o. e. superficialts to act 
directly on the individual ribs. The o. e. superfictalts is relatively 
narrow, barely reaching the rectus abdomints ventrally. 

Much of the rectus lateralis is not covered by the o. e. super- 
ficialis. This band is thin and completely intercostal. Beneath the 
two layers just described is the o. e. profundus. This is segmented 
by myocommata and its fibers extend posteroventrally.~ Vktsisia*direct 
continuation of the subvertebralts and blends imperceptibly with the 
rectus abdomtnis ventrally. The o. tnternus lies deep to the o. e. 


profundus. This unit has separated from the subvertebralts, which it 
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underlies. The fibers of the o. tnternus extend anteroventrally and 
come to underlap the rectus abdomints ventrally. There is some slight 
intergradation with the rectus abdomtnts, but the two units are 
essentially distinct: 

The transversus originates along the centra as in other newts. 
Its fibers run anterolaterally and then anteroventrally from there. 
In the region of the midtrunk, a part of the transversus is bound to 
the subcostal myosepta. However, excepting this, there are no seg- 
menting septa. The transversus is applied against the inner surface 
of the rectus abdominis ventrally, terminating along a line approxi- 
mately two thirds of the width of the latter. The rectus abdomtints 
is a-Ssimple ventral continuation of the o. e. profundus. It is 


segmented by myocommata and its fibers extend anteroposteriorly. 


Triturus vulgarts (Linnaeus 1758) 


RANGE. This is the most wide-ranging species of Trtturus, found 
throughout the British Isles and Ireland, far north intc Norway and 
Sweden, and east to the Urals in the USSR. In the south it extends 
throughout Italy, the Balkans, and the Greek peninsula, then east 
along the south coast of the Black Sea and well into the southern 
Caucasus. It is lacking from France, Switzerland, and the whole of 
the Iberian peninsula, where is is replaced by T. boscat (see Steward 
1969). 

HABITAT. It is found in 'wooded and open areas, mountains and plains 


. « . and almost any kind of standing water, from temporary pools to 


the margins of lakes, can serve for breeding" (Steward 1969, p. 123). 
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Generally, eneyeck T. vulgarts is restricted to lowlands. Correlated 
with this habitat diversity, "size, colour, and pattern vary consider- 
ably over the total range" (Steward 1969, p. 123). It is an active 
wanderer and colonizer of new ponds. The adults are terrestrial 
throughout the year, except during the breeding season and even during 
this time they frequently leave the water at night. The larva is 
free-swimming, relying on “eyesight [in hunting] and frequently 'hawks' 


after small insects in mid-water or at the surface" (Steward 1969, 


pe 128), 


FOSSIL RECORD. None for this species; that of the genus is discussed 


above. 


RELATIONSHIPS. This is the type species of Bolkay's (1928) Palaeotrtton 
group (see Thorn 1968), which also includes f. vittatus and f. 


helvettcus, and to which I would add 7. alpestris. 


REMARKS. These are small newts with robust limbs and a body of typical 
Triturus proportions. There are 10 or 11 myomeres between the limb 
girdles. There is a relatively small amount of trunk musculature, the 
dorsalts trunet being concentrated next to the column and the ribs 


extending down into the lateral abdominal musculature. 


Epaxtal musculature (see Figs. 82 and 83).- The dorsalis trunct is 
developed as in 7. vtttatus, but the anterior flexures appear to extend 


forward a lesser distance in 7. vulgaris. 


Hypaxtal musculature (see Fig. 82).- The condition is almost identical 
to that of 7. vittatus and T. alpestrits, but ventral lamellae are much 
more strongly developed in 7. vulgarts. The transversus attaches to the 


centra, leaving a large gap at the level of each intercentral joint. 
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Lateral abdominal musculature (see Figs. 82 and 83).- Except for the 
fact that 7. vulgaris has both the o. e. profundus and o. internus 
blending ventrally to form the rectus abdominis, the lateral abdominal 
musculature is as-in f. vittatus and 7. alpestris. . Maurer (1911), 

pl. 6, 4ig. 14) figures a separate 7. ta. supersictalzte for this 
species (as Tritton taentatus), but I find no such differentiation in 


my specimens. 


Triturus helvettcus (Razoumowsky 1789) 


RANGE. This species is found throughout the British Isles, except 
for Ireland, and is absent from the southern half of the Iberian 
peninsula. It is otherwise "confined to Western Europe. extenaing 
eastwards only approximately as far as a line drawn southwards from 


Hamburg in Germany" (Steward 1969, p. 111). 


HABITAT. TZ. helvetieus is similar in habits and habitus to 7. vulgaris, 
but "favours hilly or mountainous regions and is less at home at low 
levels . .. . [It] is generally more often found on sandy, peaty, or 
limestone soils than on clay ‘or abluvium™ (Steward) 1909p. 1liy. it 

is terrestrial except during the breeding season, when shallows of 
ponds, lakes, and slow streams are invaded. TI. helvettcus prefers a 
muddy substrate and abundant water vegetation. On land prey is usually 
small and captured with the protrusible tongue, although larger prey 

is seized in the jaws.. In spite of Thorn's (1968) claim that it is 


highly aquatic, it does not have a "water-tongue". 


FOSSIL RECORD. None for this species; that of the genus is discussed 


above. 
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RELATIONSHIPS. Although grouped with 7. vulgaris, T. vittatus, and 
others in the Palaeotrtton group (see Bolkay 1928, Thorn 1968), it 
would probably be better to isolate T. helveticus in its own group, 
as its trunk musculature is so distinctly different from that of the 


other species of Trtturus described here. 


REMARKS. These are very small newts, with an individual of 10 cm 
total length being large. The limbs are eee tone and robust, 
the trunk is short and thin. The tail is thin and somewhat laterally 
compressed. The ribs are very long, and extend much further ventrally 
than is usual in salamanders. 

Only two small specimens were available for dissection (snout-vent 
lengths of 32 and 36 mm). Owing to this, and to the very small amount 
of musculature present in the trunk, certainty as to exact locations 
of the myomeres fesvecraniy the epaxial) is not complete. Modification 


of certain observations may be necessary upon further study. 


Epaxtal musculature (see Fig. 84).- The-dorsalts trunct differs from 
that of the other species of Trtturus. The amount of musculature is 
small and the myomeres extend just beyond the midpoints of the bony 
parts of the ribs. Anterior flexures are suppressed to the extent of 
not being clearly separable from the main bodies of the myomeres. The 
anterior septum of the main body of each myomere sweeps gently forward 
to attach to the aliform process and posterior zygapophysis of the 
next anterior vertebra. There is slight anteroventral orientation of 
the muscle fibers in the main body of each myomere. 

The hyperapophyseal muscles are well developed, with a vertical 


septum extending posteriorly from each wing of the aliform process 
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forming their centres. Muscle fibers extend posteromedially and 
posterolaterally from these septa. The myosepta extend down the front 
of the ribs in the main bodies of the myomeres, an unusual situation 


in salamanders. 


Hypaxtal musculature (see Fig. 84).- As in other newts the 
subvertebralis is underlain by the transversus. Each muscle block 
extends between two vertebrae and their associated ribs. The ventral 
lamellae are very robust, more similar to those of the Asian and 

North American genera than to those of the other species of Triturus. 
Fibers extend anteroposteriorly between these lamellae. Beyond the 
ventral lamellae, between the ribs, the fibers extend posterolaterally. 
Most distally, the fibers of this layer run posteroventrally from the 
tip of the bony portion of each rib to the anterior edge of the 
cartilaginous tip Of the next posterior rib. 

The second, more dorsal, layer of the subvertebralis may be 
subdivided into two areas. Medially the fibers originate on the 
anterior surface of each ventral lamella and then converge anteriorly 
to insert on the posterior surface of the next anterior dorsal 
rib-bearer. At the point of insertion a bony spike is often developed. 
More laterally, between the ribs, the intercostal fibers run antero- 
posteriorly. This latter unit becomes the rectus lateralis where the 
ribs extend beyond the dorsalts trunct. 


The spinal nerves are basically as in 7. vulgaris. 


Lateral abdominal musculature (see Fig. 84).- A large part of each 
rib is incorporated into the lateral abdominal musculature. The rectus 


lateralis consists of those fibers extending anteroposteriorly between 
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the ribs and ventral to the dorsalts trunct. The obltquus externus 
(?0. e. superfictalts) originates dorsally on the posterior surfaces 
of the cartilaginous tips of the ribs. From. each point of origin 
fibers fan posteroventrally to insert on the external surface of the 
rectus abdominis. The o. externus is not divided by myocommata. 
There is no trace of an o. itnternus, the transversus being directly 
applied against the o. netic 

The transversus originates along the edges of the centra, but 
leaves intercentral gaps. The transversus extends A Merovevetal ly 
from the centra, with a very slight anterior component to this 
orientation. Where it underlies the ribs the transversus is attached 
to their inner surfaces. Ventrally it joins to the inner surface of 
the rectus abdomints. As neither the o. externus nor the transversus 
are segmented by myocommata, the lateral body musculature is composed 
of two thin sheets of undivided muscle, a condition quite similar to 
that seen in lizards. The rectus abdomints is a pair of simple 
longitudinal bands situated ventromedially. It is bound to the 
transversus and o. externus of either side, but does not blend with 


either. It is segmented by myocommata and is relatively thick. 


Euproctus asper (Dugés 1852) 


RANGE. The species is found only in the Pyrenees of Spain, Andorra, 
and southwestern France. Of the other species of Euproctus, E. 
montanus is found on the island of Corsica and F. platycephalus on 


Sardinia (Steward 1969). 


404 


te 


RETOUR, , CLE an sooner ad 1 ab b te be ‘i 


ANAT ER anh $49, hh ie ar 


: te ae ai 
Cer ta 2 shes " Hae As 


ob Bs 


nas 0 ote Fed ig oe. aoe ke aut ‘to 


d¢ %o SantTHe iersoaxe one Ko. reset de a5 


vt bevey gua eeryeyeiyecy sat surest “ on i : 
’ ar a oe an Ee oa nee - wae 
i osha A 
tod oetaese ef? to anghe ent: qte ete mahalae 


ttees a forse r ehrdixe see ergata ‘bat dq 19%: Lo 3ES S/T! 


| § okie ae 
etait oF $f SHOMON * CPR es Gent stig hE roy A ie “ee Hy 


sdossta Si Reshaaiiee odd Adee ett seh Labbe ae voit abhi 


soweie eek ot} oF eaker of Ke Lette swore rs “ 


NSCS say The eS sabia ub ‘ais apiioton a sas 
ouOD FR” ‘ehh rae ubiart. caeaiat “oh, atmos 
cole ost getsibngs by sioeee aitina abe | 

a ai a6 stag #38 oaths wien sat 
sch) oo Taeanet a ve Ad tatbonortday. lcs ihe 

weiy beutd. More toub oe if .sbte tally ae srt Y 


ny 


opis’ ytavie rake ce bat seneni ud Saha , 


my 


kage oe "4 i 


: di py ; may a sai 0 
sa eutigotctot re me sstria me brated es tTG oo 


ace 
‘aes 


(&. . binteaesibil ti pokes. sedte emt a0. 


4 7 


a % at tS ; 7" * mas ; ; ' 
ee 
oa ; ‘Pod r ents) 
; j ri Ne Wr} aes 
i ‘ ‘ y - mn, nt : 
: Do ai car 
) rf ty i 
9 yi a » ¥i 
* \e | ad a i, ? 4 hay : 
2 aOR A cence 
a fae ell ri 
*. : | ras 1 en) 
2 i ; “J Le rf ay yi : 
a ant ‘| p wh air y) ¥ 
: t { or Dear iy, Are 
; é ee Aide oe) oh if 
‘7 i wy i f | ROO Ds Tail ni 


i i i 2 Pe a : t , : ie AS 
Airy ia : mand AP a & As uy par es - AL 1 ‘Oi, 7 ; ae vein ray iy uh 


405 


HABITAT. Confined to higher altitudes, £. asper is adapted to low 
temperatures, being found in mountain rivers and streams where it is 
generally benthic. In correlation with this life style, the lungs 
are greatly reduced. This newt breeds in water "among rocks at the | 


edges of streams and lakes" (Steward 1969, p. 75, also Thorn 1968). 
FOSSIL RECORD. None known for the species or the genus. 


RELATIONSHIPS. Boulenger (1917) suggested that Euproctus was possibly 
triphyletic and closely related to "Rhithrotriton" (= Neurergus 
erocatus), from which it probably originated. Bolkay (1928), although 
Suggesting that ambystomatids and salamandrids were derived from a 
common ancestor, believed Euproctus to have originated from this 
ancestral stock prior to the divergence of the two families. A close 
relationship of Euproctus with Pachytrtton and amphiumids was 
indicated by Herre (1935b). 

Noble (1931) believed Euproetus to have been derived from a stock 
in common with Triturus, Pleurodeles, and Pachytriton, which in turn 
evolved from some species of Tylototrtton. Arguing that the courtship 
"pattern of Euproetus itself may be a slightly modified form of the 
ancestral pattern of the salamandrids," Salthe (1967, p. 108) suggested 
that the genus originated from primitive salamandrid stock. There is 
actually no reason to consider the courtship of Euproctus to be 
particularly primitive. In this genus the male captures the female 
with his tail, which is unique amongst the Salamandridae. It is more 
likely that the courtship of the Salamandrinae and Pleurodelini is 
primitive for this family and that that of Euproctus developed 


secondarily from the sort seen in Triturus. It is more reasonable 
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that capture with the tail would have developed from an ancestor 
lacking capture, rather than being modified from the primitive pattern 
of capture with the forelimbs. Euproctus is probably a highly derived 


member of the Triturini (see also Salthe and Mecham 1974). 


REMARKS. The trunk is relatively long, although it has only 12 
myomeres between the limb girdles. The tail is long, heavy, and not 
notably compressed laterally. The amount of trunk musculature is 
reduced in comparison to most other newts. The limbs are relatively 
robust, and the head is markedly flattened and posteriorly widened. 
In FE. asper a well-developed bony frontosquamosal arch is present. 
According to Thorn (1968), £. platycephalus has a complete bony arch, 
but Bolkay (1928) figures a specimen of this species (as FE. ruscontt) 
in which the arch is not quite complete. Thorn (1968) describes 

E. montanus as having an incomplete bony arch formed largely by a 
ligament. Bolkay (1928), however, figures a specimen in which there 
is no trace of the bony processes for attachment of the frontosquamosal 
ligament. It is likely that there is intraspecific variation in this 
feature. 

It is claimed (Steward 1969) that Euproctus is intolerant of any 
but low temperatures, but in 1976 I maintained two specimens of £. 
asper at room temperature (22°C) for over two months prior to their 
being oe dissection. During this time they were extremely 
active and fed readily. The female spent much time out of water, 
whereas the male remained in the water. The higher than normal 
temperature seemed to have no harmful effects, the specimens remaining 


healthy and hungry. Steward (1969, p. 76) describes the adults as 
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"in general slow-moving and sluggish, whether in water or on land... 
[and] incapable of catching anything other than slow-moving prey like 
earthworms and slugs, and, in the water, such grubs and other larvae 
as are found under the stones where the salamanders also spend much 
of their time." However, at least under laboratory conditions, E, 
asper is extremely active and quick, feeding readily on rapidly 
moving water invertebrates (e.g., the crustacean Gammarus). Feeding 
is similar to that observed in captive Cynops and Notophthalms: the 
salamander moves slowly towards a moving prey item and then makes a 
quick forward lunge, while opening the mouth and depressing the 
hyobranchium. Although sometimes inaccurate, Euproctus is no more 
"slow-moving" or "sluggish" than Tartcha, Cynops, Notophthalmus, or 


Ambystoma under laboratory conditions. 


Epaxtal musculature (see Figs. 85 and 86).- Only a very thin layer of 
epaxial musculature covers the vertebrae. Owing to the small mass of 
the dorsalts trunct, the myomeres cannot be said to be inclined 
posteriorly. Rather, they overlap in a manner similar to shingles. 
The anterior flexures are very short and broad, a septum extending 
forward a variable distance from each apex. The neural crests and 
aliform processes are covered dorsally by a thin layer of muscle fibers. 
A vertical septum extends posteriorly from each wing of the 
aliform process. Muscle fibers insert on the aliform process and its 
septum and extend posteriorly. They originate along the lateral edge 
of the neural crest, the front of the aliform process, the roof of the 
neural arch, and the top of the transverse process of the following 


vertebra. In addition, some fibers arise from the internal surface 
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of the septum extending from the anterior flexure of the associated 
myomere and extend to the hyperapophyseal septum. 

The main body of each epaxial myomere ends laterally at a line 
extending approximately through the midpoints of the ribs. Muscle 
fibers extend, anteriorly and slightly laterally in this portion of 
the dorsalts trunct. The ribs are very long and robust for a 


salamander, curving ventrally beneath the dorsalis trunct. 


Hypaxtal musculature (see Fig. 85).- The subvertebralis, underlain by 
the transversus, is composed of a single unit of fibers. These fibers 
extend anteroposteriorly between the transverse processes and 
posterolaterally between the ribs. The subvertebralis does not extend 
under the ribs or transverse processes to cover them ventrally. The 
spinal nerves are thick, exit intravertebrally, and are associated 
with the muscle units laterally and ventrally as in other newts 


generally. 


Lateral abdominal musculature (see Fig. 86).- The o. e. superfictalis 
originates serially along the posterior edges of the ribs and then 
extends posteroventrally to overlap the rectus abdomtnis. The rectus 
lateralis extends between the ribs, deep to the o. e. superftctalis, 
and is continuous) with the fibers of the intercostal series. The 

Oo. €. profundus lies internal to the o. e. superfictalts. Unlike the 
latter unit, it is divided by myocommata and its fibers extend postero- 
ventrally at a lesser oot than those of the o. e. superfictalts. 
Dorsally the o. @. profundus is continuous with the subvertebralts and 
it blends ventrally with the rectus abdomints. There is no trace of 


an o. tnternus. 
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As in Triturus, the transversus originates along the lateral edges 
of the centra. Relatively long, but narrow, intercentral gaps are 
present. The muscle fibers of the transversus extend anterolaterally 
and then anteroventrally at a very acute angle to the vertebral colum, 
differing from Trtturus in this regard. The transversus is applied 
against the internal surface of the o. e. profundus and partially 
underlies the rectus abdomtnts ventrally. The latter is a single, 
simple unit with fibers extending anteroposteriorly between the myocom- 
mata. It is formed by a ventral extension of the o. e. profundus, but 


also overlaps the latter with a thin flap of musculature externally. 


viii) Family Sirenidae Gray 1825 
Stren Linnaeus 1766 
Stren lacertitna Linnaeus 1766 


Stren tntermedia LeConte tn Harlan 1827 


RANGE. "The Coastal Plain of [the] southeastern United States from 
the District of Columbia to Florida and westward in the Gulf states 

to extreme northeastern Mexico. In the Mississippi Valley, they range 
northward through Illinois and Indiana to southwestern Michigan" 


(Martof 1974 j.p.stl 52. b)s 


HABITAT. Stren tntermedia tntermedia is found in "cypress and pine- 
woods ponds and ditches, where they hide by day beneath bottom 
vegetation and stranded logs" (Bishop 1943, p. 458). S. intermedia 
netting? is "found in mucky and muddy ditches, sloughs, and flatlands 
ponds" (Bishop 1943, p. 461). Stren lacertina is known from "shallow 


roadside ditches, from beneath rocks in the bed of a swift-running 
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stream, from weedy ponds and pools and muddy swamps" and it is 
especially common in "weed-choked and mud-bottomed" lakes (Bishop 1943, 


p. 464). Stren is capable of estivation in the mud of dried-up ponds 


and can move short distances over land. 


FOSSIL RECORD. S. lacertina is known from the Pleistocene of Florida 
(Lynch 1965). The genus Habrosaurus is known from the Upper 
Cretaceous (Estes 1964) and Paleocene (Estes 1976) of North America, 
and is unquestionably a sirenid. Stren dunnt has been named from the 
Eocene of Wyoming (Goin and Auffenberg 1957). Stren hesterna is from 
the Miocene and S. stmpsont from the Pliocene of Florida (Goin and 
Auffenberg 1955). Fossils referable to Pseudobranchus have also been. 
discovered in the Tertiary of North America (Goin and Auffenberg 
1955). The fossil species of Stren and Pseudobranchus are little 


different from the living ones. 


RELATIONSHIPS. Numerous phylogenetic schemes and hypotheses of 
relationship have been put forth regarding the sirenids. Details of 
these are discussed below in the Conclusions. It may be said here 
that sirenids are closely related to the Salamandridae and to be 


classified within the Salamandroidea. 


REMARKS. Although no trace of the pelvic limbs or girdle remains, 

the anterior limbs are present. These are relatively small, but 
robust and much used in swimming, burrowing, and moving over the 
substrate. These animals are active and powerful burrowers, tunneling 
through gravel and under rocks in aquaria. They often lie with only 
the head and gills exposed above the surface of the bottom, lunging 


forward to capture passing prey. 
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The trunk is long, deep, and robust, with 30 to 40 costal grooves. 


A large mass of musculature surrounds the vertebral column, especially 
in larger individuals of Stren lacertina. The lateral abdominal 
musculature is also very thick. As indicated by their shape, these 


animals are relatively slow but powerful swimmers. 


Epaxtal musculature (see Figs. 87, 88, and 89).- The dorsalts trunct 
is of salamandrid-like plan, but modified. The surrounding skin is 
tough and tightly bound to the trunk musculature by connective tissue. 
Auffenberg (1959, p. 255) misinterpreted this area, believing that 
muscle fibers from the dorsalis trunci extended out to the skin 
("Fibers from this division extend out distally to all parts of the 
dorsal area and attach to the inner surface of the skin, making it 
somewhat difficult to remove"). These are not muscle fibers at all, 
but as previously noted by Maurer (1892, p. 92) "eine sehr derbe 
subcutane Fascte." 

Auffenberg (1962, p. 185) states: ''The most complex [epaxial] 
intervertebral system is found in the genus Stren. Examples of this 
complexity are found in the fiber tracts running from the prezyg- 
apophyseal processes of one vertebra, to the postzygapophyseal 
processes of an adjacent vertebra, and the tracts running from the 
transverse process of one vertebra to the postzygapophyseal process 
of another vertebra.'' These statements are misleading, in that the 
more intimate connection ae muscle fibers with the vertebrae might 
give a superficial appearance of greater complexity (but see 
Amphiuma). However, in larger view, considering the functional units 


of the dorsalis trunct (the myomeres), Stren is less complex than many 
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other salamanders. Even the muscles extending back from the aliform 
processes are merely slightly enlarged hyperapophyseal muscles seen 
also in salamandrids. 

The anterior flexures are relatively short and narrow, not being 
distinctly set off from the main bodies of the myomeres (compare the 
Triturini). The myoseptum of each attaches to the edge of the neural 
crest, extending posterolaterally along the top of the aliform process. 
At the posterior end of the aliform process it extends along the 
interzygapophyseal crest (see Fig. 1E) to the top of the third alar 
process. The septum attaches along the third alar, running into the 
myomere distal to the tip of the transverse process. 

The main body of the myomere is strongly inclined posteriorly, 
such that each myomere extends posterolaterally from between adjacent 
vertebrae. Unlike the other anguilliform urodele, Amphtuma, Stren 
has not developed enlarged or auxiliary flexures, but retains a rela- 
tively simple dorsalts trunct. The modifications involve an increased 
posterolateral extension of the main bodies of the myomeres. The 
muscle fibers within the epaxial mass are largely parallel to the 
vertebral column. 

It is sometimes stated (e.g., Auffenberg 1959) that the aliform 
process is unique to sirenids. However, as noted by Estes (1964, 
1965b), this is not true. Siren has merely accentuated the aliform 
process already present in newts. The hyperapophyseal muscles associ- 
ated with these processes are developed as in the newts (q.v.). 
Auffenberg (1959) divided the muscle fibers associated with the aliform 


processes and the septa into three tracts: IV-1, IV-2, and IV-3. 
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He states (p. 259) that: ''The fibers of . . . [the IV-1] series begin 
near the medio-anterior dorsal surface of the projected anterior upper 
edge of the neural arch. The fibers thence continue anteriorly, 
connecting to the posterior surface of the entire length of each of 
the arms of the V-shaped aliform processes . .. . In action the 
tract must be similar to the multifidus muscle of some of the reptiles 
with a posteriorly extended neural arch, as is found in the snakes. 
There is no reason to suppose that these units are homologous 
[, however]. Auffenberg's IV-2 tract is composed of those fibers 
associated directly with the hyperapophyseal septum (the latter not 
recognized by him). Fibers proceed from each septum in several 
directions. Medially fibers extend posteromedially from the septum 
to the neural crest and aliform process of the next posterior vertebra. 
Laterally the fibers run posterolaterally and ventrally to the surface 
of the neural arch of the next posterior vertebra. Auffenberg (1959, 
p. 259) "states of this>upit) that “invactionmat must berveryesimilar 
to the intervertebralis of higher vertebrates and is probably a true 
homologue of this [latter] muscle." Regardless of the functional 
relationships, phylogenetic homology is extremely doubtful. 
Auffenberg's IV-3 series of muscle fibers "originate on the 
prezygapophysis of the next posterior vertebra, to insert with the 
fibers of IV-2 on the aliform process!" (pp. 260)... In fact, these fibers 
insert onto the hyperapophyseal septum. I suggest that it is artificial 
to distinguish these three series, which only adds confusion and 
obscures functional and phylogenetic relationships. Rather, the 


complex is here called the hyperapophyseal muscle, as done above for 
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Salamanders of other families. Of Auffenberg's other intervertebral 
tracts, I am unable to find the one termed IV-4, whereas IV-5 simply 
extends between adjacent transverse processes. As noted elsewhere, 
the utility of distinguishing numerous intervertebral, interseptal, | 
and septal-vertebral fiber tracts is doubtful, and Auffenberg's 
terminology is not followed. 

Auffenberg (1959, p. 254) inferred that ''the unusual vertebral 
processes of the Sirenidae suggest that the epaxial muscle fiber 
tracts are probably more complex than those of most other living 
urodeles." First of all, the vertebral structure of sirenids is not 
really "unusual" (compare the newts), and secondly, the musculature 
is not more complex (compare cryptobranchoids, amphiumids, and 
ambystomatids). Stren has greatly simplified epaxial myomeres, 


rivaled only by those of the newts and proteids. In Stren a slight 


tertiary complexity has been added to a secondary simplification, owing 


to the constraints of anguilliform locomotion. The structure of the 
hypaxial and epaxial musculature suggests strongly that sirenids were 
derived from opisthocoelous ancestors. Although Auffenberg (1959, 

p. 264) claims that '"'Amphtwma can more easily be derived from the 
primitive [sic] condition in Neecturus than can. . . Stren," the 


reverse is in fact true. 


Hypaxtal yee (see (Fig... 67))-. Except foriMaurer:'(1892)) the 
subvertebralis of this genus has never been described. The subverte- 
bralts is highly derived and quite different from that seen in the 
salamanders described above, but the basic pattern is quite similar to 


that of newts (especially Notophthalmus). The structure of the 
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subvertebralts in Stren can only be derived from an ancestor that was 
fully opisthocoelous and lacked posterior flexures. 

A large lamellar plate (the second alar process, see Fig. 1E) 
projects anteriorly from the transverse process. Each plate extends 
forward of the anterior cotyle, forming a projection on each side of 
the centrum. This structure is approached by Wotophthalmus, which 


lacks the anterior projection, however. A thick muscle arises from 


each anterior projection and from the anterolateral edge of each second 


alar process. This muscle fans anteriorly to originate on the ventral 
surface of the second and first alars and lateral edge of the centrum 
of the next anterior vertebra. A long, thin septum attaches to the 
forward projection from the second alar. This extends anteromedially 
into the muscle block just described. 

This "basapophyseal" muscle is not homologous with the anterior 
basapophyseal muscle described in ambystomatoids and cryptobranchoids. 
Auffenberg (1959, p. 264) states that "the deeper portions of the 
subvertebralis complex is [sic] basically similar in all three genera 
[Neeturus, Stren, and Amphtuma], except for the strong basapophyseal 


attachments in Amphtuma.'' This observation is incorrect: as shown in 


Figures 30, 45, and 87, the subvertebralts is fundamentally and markedly 


different amongst the three genera, with Stren being the most derived. 
Dorsal to the "basapophyseal" muscle is a layer of subvertebral 
musculature extending anterolaterally between the transverse processes. 
This layer is continuous with the o. tnternus laterally and ventrally. 
Next to the vertebrae the fibers run anteroposteriorly. This unit is 


very simple and strongly resembles that of certain newts. 
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The spinal nerves exit intravertebrally through a small foramen 
in the wall of each neural arch just below the interzygapophyseal 
crest. From this point the nerves extend through the subvertebralis 
and then posteroventrally between the transversus and 0. tnternus. 
Along the lateral body wall, each nerve passes along the posterior 


edge of a myocomma. 


Lateral abdominal musculature (see Figs. 87, 88, and 89).- This unit 
is extremely thick, but composed of the expected divisions in their 
usual positions. The o. e. superfictalts is thin, with the muscle 
fibers proceeding posteroventrally between the segmenting myocommata. 
Dorsally the o. e. superficialts slightly overlaps the expaxial 
musculature and extends ventrally for only a short distance, exposing 
much of the o. e. profundus. Ventral to the horizontal septum and 
deep to the o. e. superfictalts is found a relatively thin band of 
anteroposteriorly aligned muscle fibers, the rectus lateralis. 

Next internally is the o. e. profundus, a thick muscle with its 
fibers extending posteroventrally between the myocommata. Ventrally 
the o. e. profundus blends completely with the reetus abdomints. Deep 
to the o. e. profundus is the o. tnternus, the fibers of which are a 
ventral continuation of the subvertebralis. Fibral orientation is 
anteroventral, more or less at right angles to the fibers of the o. é. 
profundus. Ventrally the o. tnternus blends with the o. e. profundus 
to form the rectus abdominis. 

The deepest layer of the lateral abdominal musculature, next to 
the peritoneal cavity, is the transversus. This is not divided by 


myocommata, but externally (next to the o. tnternus) the myocommata 
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partially invade the transversus. The transversus is very thick, with 
fibers extending dorsoventrally. Dorsally it is directly connected to 
the vertebral column by tough fascia, which attaches along the antero- 
Paterasecage Of) tne second alar, the posterolateral edge of the first 
ator. sand to the lateral edge of the posterior cotyle. This situation 
is derivable from that of the newts (especially Paramnesotriton). 

The rectus abdomitnts is not a distinct unit, but is formed from 
the merging of the o. tnternus and o. e. profundus. Medially the 
rectus abdomints forms a cone-in-cone arrangement, with adjacent 
myomeres extending anteriorly into their neighbours. Owing to this 
arrangement, a transverse section through the trunk shows a complex 
matter of muscle, blocks in the area of this unit. Thus, in section; 
it appears as though there is a distinct and complex rectus abdomints, 
although it is in fact simple. 

If the lateral abdominal musculature is spread laterally and the 
transversus removed, the pattern of the myocommata and myomeres becomes 
clear. From each transverse process the myocomma proceeds postero- 
laterally. At a point near the ventral terminus of the transversus the 
myocomma begins to arch gently anteriorly, so that it comes to extend 
anteromedially to the centre of the rectus abdomints. The myocommata 
incline posteromedially through the o. e. superfictalis, o. e. 


profundus, o. tnternus, and barely into the transversus. 
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